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THE JouRNAL oF CLINICAL INVESTIGATION is de- 


signed for the publication of original investigations 
dealing with or bearing on the problems of disease 
in man, and it is the policy of the editors that the 
JouRNAL should cover the field of clinical investiga- 
tions in its broadest sense. 


Contributions should be sent to the Editor-in- 
Chief, Dr. Philip K. Bondy, 333 Cedar St., New 
Haven 11, Conn. In order to hasten the process of 
reviewing and editing it is requested that each origi- 
nal manuscript be accompanied by a duplicate copy 
and duplicate illustrations. 


In order further to expedite the earliest possible 
publication of articles submitted to the JouRNAL 
OF CLINICAL INVESTIGATION they will be published 
in the order of final processing after review, cor- 
recting and editing rather than in the strict sequence 
of their receipt in this office. Papers which re- 
quire much editorial change, revision of charts and 
tables, condensation and rewriting will be delayed 
according to the time required for their correc- 
tion. This policy will put a premium on excellence 
of manuscript as well as the major consideration 
of content. It is requested that figures be photo- 
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Sound, Authoritative Clinical, 
Laboratory and Field Reports... 


. .. yours every month in 


THE AMERICAN JOURNAL 
OF THE MEDICAL SCIENCES 


Original Scientific Articles on Every Phase of Today’s Medicine 
—Including All of the Specialties—in “The Yellow Journal” 


tion which interest you most, your efforts will be more effective 
when you include “The Yellow Journal” in your reading and 
reference schedule. 


Ne you can be certain that in the phases of clinical investiga- 


From medical laboratory and research centers throughout the United 
States and Canada, The American Journal of the Medical Sciences 
brings you more original, high-calibre reports than ever before in 
its 141-year history. 


Easy-to-read double-columned pages are filled with original, 
carefully screened papers written by leading research workers, 
clinicians, medical teachers, practitioners and surgeons. 
Nothing is offered that is not supported fully by essential, 
authenticated scientific data. 


This independent monthly journal has many special 
advantages for you if you 


@ carry on research programs 


e@ run clinical trials on new drug products 


@ are a member of a teaching staff 


e select and_ requisition instruments, 
equipment and supplies 
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: Please enter my subscription to 
e 
. Mail THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES 


o 1 Year (12 issues). In United States and Possessions: sasieia 
0 Check enclosed O Bill me 


Co f O Eight (8) months (special offer). I enclose $6.00 in full payment 
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ISMELIN reduces high blood pressure to 


According to reports from more than 100 clinical investigators, Ismelin—in moderate 


to severe hypertension—reduces blood pressure levels to normal or near-normal in a 


remarkably high percentage of patients. Following are summaries of typical findings: 


17 of 18 patients (94.4%) treated 
with Ismelin become normoten- 
sive in the erect position. Page and 
Dustan! gave Ismelin orally, alone 
or in combination with other anti- 
hypertensive drugs, to 18 patients 
daily for 2 to 10 weeks. 


RESULTS: All 18 patients had reduc- 
tions in standing blood pressure; 
16 had moderate reductions in su- 
pine blood pressure as well. In 17 
of the 18 cases, blood pressure lev- 
els became normal or near-normal 
in the erect position. 


Average Standing B.P. 
DIASTOLIC 


SYSTOLIC 


CONTROL 
173 AFTER 


ISMELIN® 
CONTROL 
AFTER 


115 ismecin*® 


* During last week of treatment. 


In 14 of 15 patients (93.3%) on 
Ismelin, blood pressure reduced to 
normal or near-normal levels in 
the standing position. Ismelin was 
administered orally by Frohlich 
and Freis? for 4 to 9 weeks to 15 
male patients selected from the hy- 
pertensive clinic. 


Average Standing B.P. 


SYSTOLIC _ _DIASTOLIC _ 


CONTROL 


181 arter 


mm. ISMELIN 
Hg CONTROL 


AFTER 
122) ismetin 
| mm, 
| Hg 
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RESULTS: Ismelin evoked a potent 
antihypertensive response in the 
erect position: the blood pressure 
of 14 of the 15 patients dropped 
to normotensive or near-normo- 
tensive levels. 

“The response [to Ismelin] was 


characterized by a potent, ortho- 
static, antihypertensive effect simi- 
lar to that seen with the ganglionic 
blocking drugs but without the 
side-effects of parasympathetic 
blockade.””2 

In 15 of 18 subjects (83.3%), guan- 
ethidine [Ismelin] reduced high 
blood pressure to near-normoten- 
sive levels. Guanethidine [Ismelin] 


was administered orally by Rich- 
ardson and Wyso3 to 18 male 
hospitalized patients with hyper- 


tension. 


Average Standing B.P. 


__SYSTOLIC_ DIASTOLIC 


CONTROL 
195 arter 


mm. ISMELIN 
CONTROL 


AFTER 
ISMELIN 


References: 1. Page, I. M., and Dustan, H. P.: J.A.M.A. 170:1265 (July 11) 1959. 2. Frohlich, E. D., and Freis, E. D.: M. Ann. District of Columbia 
28:419 (Aug.) 1959. 3. Richardson, D. W., and Wyso, E. M.: Virginia M. Month. 86:377 (July) 1959. 4. Brest, A. N., and Moyer, J. H.: J.A.M.A. 172:1041 
(March 5) 1960. 5. Page, I. H.: Postgrad. Med. 27:448 (April) 1960. 6. Kirkendall, W. M., Fitz, A. M., Van Hecke, D. C., Wilson, W. R., and 
Armstrong, M. L.: Paper presented at a Symposium on Guanethidine (Ismelin), The University of Tennessee College of Medicine, Memphis, Tenn., 
April 22, 1960. 7. Leishman, A. W. D., Matthews, H. L., and Smith, A. J.: Lancet 2:1044 (Dec. 12) 1959. 

Additional References: 8. Brest, A. N., Duarte, C., Glantz, G., and Moyer, J. H.: Current Therap. Res. 2:17 (Jan.) 1960. 9. Maxwell, R. A., Mull, R. P., 
and Plummer, A. J.: Experientia 15:267 (July 15) 1959. 10. Maxwell, R. A., Plummer, A. J., Schneider, F., Povalski, H., and Daniel, A. L: J 
Pharmacol. & Exper. Therap. 128:22 (Jan.) 1960. 11. Maxwell, R. A., Plummer, A. J., Schneider, F., Povalski, H., and Daniel, “A. 1.: Pharmacologist 
1:68 (Fall) 1959. 12. Sheppard, H., and Zimmerman, J.: Pharmacologist /:69 (Fall) 1959. 
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near-normal levels in 80 to 90% of cases 


RESULTS: “All patients showed defi- 
nite reduction in blood pressure co- 
incident with administration of 
[Ismelin]. In most of the subjects 
[15] standing blood pressure could 
be maintained near normal levels.’’3 


“Side-effects encountered ... have 
indeed been minimal...”4 Brest 
and Moyer‘ state: “‘Side-effects [of 
Ismelin] encountered to date have 
indeed been minimal, with mild 
diarrhea as the only significant 
complaint even when large daily 
doses (450 mg.) of the drug are 
administered. No evidence of toxic 
action of the drug has been encoun- 
tered thus far.” Page> observes: 
“.,.Guanethidine [Ismelin] has the 
advantage [over ganglionic block- 
ers] in that it is much easier to han- 
dle and does not produce nearly as 
much dose sensitivity. Too much 
of a ganglion-blocking agent will 
really ‘clobber’ the patient; with 
Guanethidine, there is much more 
leeway.” Kirkendall and co-work- 
ers® report: “Guanethidine has 
remarkably few side effects. The 
absence of symptoms of parasym- 
pathetic blockade makes its use 
better tolerated by most patients 
than conventional ganglion block- 
ing therapy.” Leishman and asso- 
ciates? conclude: “The capacity of 
guanethidine to reduce the blood- 
pressure of hypertensive patients 


Ismelin 

Increases Arteriole Caliber 
Ismelin represents a new princi- 
ple in the treatment of high blood 
pressure: It acts at the nerve- 
arteriole junction where it appar- 
ently opposes the release and/or 
distribution of the pressor sub- 
stance, norepinephrine. Ismelin 
is not a ganglionic blocker. 


<q BEFORE ISMELIN: Photo shows normal 
arteriole in rat mesentery. (100x) 


Pe” q AFTER ISMELIN: Ismelin has blocked the 


constricting influence of norepineph- 
rine. Arteriolar caliber has significantly 
increased, while an adjacent capillary 
has filled. (100x) 


Because it acts at the nerve- 
arteriole junction —with no de- 
monstrable central or ganglion 
blocking effect—Ismelin produces 
a clear-cut antihypertensive re- 
sponse in a high percentage of 
cases. 


without symptoms of parasympa- 
thetic blockade is consistent with 
a mechanism of selective sympa- 
thetic-nerve inhibition...” 


For complete information on pre- 
cautions, dosage, and side effects, 
write to Medical Service Division, 
CIBA, Summit, New Jersey. 

Supplied: IsMELIn Tablets, 10 mg. 
(yellow, scored) and 25 mg. (white, 
scored); bottles of 100. 


IsMELIN® sulfate (guanethidine sulfate c1Ba) 


2/2937 
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New Nuclear-Chicago Scintillation 
75% Reduction in Clinical 


Now, Nuclear-Chicago makes available the first commercial scintillation detector 
with a well which accepts samples with volumes up to 20 ml. This is four times the 
volume accepted by conventional well detectors, which have wells only 2!/32"’ in 
diameter. The well in the new Model DS-303 is 1%" in diameter to permit insertion 
of 25 mm diameter test tubes. 


Since the volume of blood, plasma, and urine samples can be increased fourfold 
with the new DS-303, tracer doses can be reduced by a factor of four. Similarly, 
analysis of samples with low specific activities is faster and more accurate because of 
the greater amount of sample which can be accommodated. 


The new detector features extensive shielding to keep background radiation at a 
minimum. Versatile design permits the use of test tubes, flat sample pans, bottles up 
to 5%" in diameter, and re-entrant type containers. The instrument may be used with 
all standard Nuclear-Chicago scalers, ratemeters, or gamma-ray spectrometers. Please 
fill in the coupon for more complete details. 


1. Counterbalanced lid raises 
easily. Small central plug in lid 
can be removed if test tubes 
longer than 150 mm are used. 
Plug can be left in place and 
lid lowered on tubes up to 150 
mm long. Splash guard pro- 
tects crystal and shielding from 
radioactive spills. 


2. Top view. Lead ring is re- 
moved to expose top of crystal. 
Bottles up to 5%” in diameter 
can be positioned directly on 
top of the crystal (see figure 3). 


3. Bottle positioned in shield. 
Large plug in lid has been re- 
moved so that cover can be 
closed around bottle. 


4. Lead ring surrounding the 
crystal can also be removed so 
that re-entrant type containers 
can be placed around the 
crystal. 


1%" DIAMETER WELL ACCEPTS LIQUID OR 
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Well Detector Permits 


Tracer Doses 


Cross-section of 
DS-303 Well Detector 


1. Removable Plug 

2. Removable Plug 

3. Handle 

4. Counterbalanced Lid 

5. Removable Ring 

6. Crystal 

7. Removable Ring 

8. Scintillation Probe 

9. Cables to Scaler, 
Spectrometer, or 
Ratemeter. 


Nuclear-Chicago DS-303 Scintillation Well Detector is ideal for use with Model 132A 
Analyzer Computer which combines a scaler and gamma-ray spectrometer in one chassis. 


Extensive Shielding Minimizes Back- 
ground. The DS-303 provides more shielding 
than any other commercial scintillation detector. 
The 3” crystal is completely surrounded—at the 
top, bottom and sides—by lead. At the sides and 
top the lead shielding varies from 3%" to 5%’. 
At the base of the detector, 2"’ of lead is used. This 
extensive shielding lowers background to only 350 
counts per minute, or less, using a standard scaler 
of quarter-volt sensitivity. When a gamma-ray 
spectrometer system is used background can be as 
low as 25-50 counts per minute. 


Higher Sensitivity. The larger volume of the 
3" crystals significantly increases their efficiency. 
Efficiency for I-131 gammas (.364 Mev) is approx- 
imately 68% as contrasted with an I-13] efficiency 
of 50% or less with conventional 1%’’ diameter 
well crystals. Efficiency iseven more marked when 
high energy gamma emitters, such as cobalt-60 
(1.33 and 1.17 Mev), are counted. A conventional 


1%" crystal has an efficiency of about 38% for 
Co-60 gammas, while the 3" crystal offers an effi- 
ciency of more than 60%. 


Contamination Prevented. A removable, thin 
aluminum splash guard is provided which c.um- 
pletely covers the central shielding and follows 
the contours of the well crystal. The guard effec- 
tively prevents radioactive material from contam- 
inating the shielding or crystal. The guard is 
inexpensive and can be discarded if it becomes 
badly contaminated. 


nuclear-chicago 


CORPORATION 
329 E. Howard Ave., Des Plaines, I//linois 


® 


Well Detector. 


NAME. 


Please send complete specifications and price information on the new DS-303 Scintillation 


TITLE. 


ADDRESS 


CITY. 


SOLID SAMPLES WITH VOLUMES UP TO 20nl 
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RECENTLY RELEASED BULLETINS 
OF INTEREST TO THE 
CLINICAL INVESTIGATOR 


1. Metrohm Research (Blood) 6. Elphor VaP 
pH Meters NEW Hi-capacity curtain 
electrophoresis assembly 


2. Stat assembly . Thin-layer CHROMATOGRAPHY 
g apparatus (Stahl) 


3. Metrohm Polarecord Ultra Disintegrator 
(polarographic recorder) Ultrasonic CONTINUOUS FLOW 
Disintegrator 


4. Sartorious KILOMAT : 
Instant indicating precision . Nebulizer for dispersing solutions 


balances 1000 & 3000 g for electron microscopy 
capacity 10. Kryostats LOW temperature 


5. Sartorious SMR circulators to —60°C 
New RAPID single pan Semi 11. HAAKE circulating thermostats, 
Micro Valance self contained and suspension type 


Please send me free and without obligation the Bulletins | have circled below. 
1 2 3 o 5 6 7 8 9 10 11 


NAME 


ADDRESS 


CITY. ZONE___STATE 


COMPANY TITLE N 270 


BRINKMANN 
INSTRUMENTS, INC. 
115 Cutter Mill Road, Great Neck, New York 
Philadelphia + Cleveland * Houston * Miami * Menlo Park, Cal. 
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evidence... 
continued clinical 
experience indicates 
it as a valuable 
cytotoxic agent 


Cyclophosphamide, Mead Johnson 


FOR PALLIATIVE CHEMOTHERAPY OF CERTAIN TYPES OF MALIGNANT NEOPLASMS 


Report from a recent comparative clinical evaluation of two alkylating agents: ‘With the use of cyclophosphamide 
[Cytoxan], there is a relative lack of thrombocytopenia and a diminution in gastrointestinal side-effects, so that it 
may offer therapeutic advantages over other alkylating agents.’* 


Other Advantages in Clinical Practice: Broad spectrum of application - High therapeutic index - No vesicant 
activity—may be given orally or parenterally. 


For a copy of the Cytoxan brochure, or other additional information on Cytoxan, communicate directly with the 
Medical Department (Section D), Mead Johnson & Company, Evansville 21, Indiana. 


*Papac, R.; Petrakis, N. L.; Amini, E, and Wood, D. A.: J.A.M.A. 172:1387-1391 (March 26) 1960. 


Mead Johnson 


Symbol of service in medicine 
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The “MIKROTIT” spiral-loop dilution technique 
simplifies and accelerates the serologic titra- 
tion process and furnishes reliable test results 
at a minimum expenditure of reagent. After a 
little practice it will be found easy to handle 
up to six loops at a time, each with a different 
material to be diluted. A particular advantage of 
the method over titrations using pipettes is 
that about one-tenth of the quantity of reagent 


The PUNGOR-type high-frequency 


TITRIMET ER 


operates in the vicinity of the 150 Mc frequency. 
It can be used for the determination of acids 
and bases in aqueous and non-aqueous dissol- 
vents. It lends itself to precipitation tests as 
encountered in argentometric measurement or 
in sulphate and alkaloid determination, etc. It 
permits the temporal variations of fluids in en- 
closed ampoules to be observed by watching 
the changes of the conductibility. Finally, it 
can be used as an indicator for process inside 


will suffice. ion exchanging columns. 


| : _ HUNGARIAN TRADING COMPANY FOR INSTRUMENTS 
Letters: 62. P.O.B. 202. Hungary Telegrams: INSTRUME 


Representative: DANUBE INTERNATIONAL TRADE CORP., 151] W. 18th, New York 11, N. 


RARE and FINE ORGANICS 


A few of the thousands of rare stock chemicals 
N-ETHYL MALEIMIDE . . $60.00/100g. 


DIISOPROPYLFLUOROPHOSPHATE .$16.00/g. 
2-FLUOROPYRIDINE 


FRUCTOSE 1,6-DIPHOSPHATE 
Ca salt 20.00/ 100g. 


IMIDAZOLE (Glyoxaline) 99% pure ... 35.00/Kg. 
2-KETOGULONIC ACID 30.00/100g. 


25.00/100g. 
12.50/10g. 
PYOCYANINE (free base) 


SODIUM-alpha-NAPHTHYL ACID 
PHOSPHATE 


Write for catalog #3 listing over 12,000 RARE— 
alkaloids hydrocarbons steroids 
amino acids keto acids sugars 
enzymes fatty acids purines 
biochem preps peptides carcinogens 


Write Dept. “C” 


GCG LABORATORIES, INC. 


177-10 93rd AVENUE JAMAICA 33, N-Y 
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2-KETOGULONIC ACID METHYI 
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for SINGLE and DIFFERENTIAL PRESSURE 
MEASUREMENTS, SANBORN TRANSDUCERS provide 


c H Oo r] Cc E OF SENSI TIVITI ES Compact, Precision Construction 
Durable, non-corrosive Monel construction resists 


Sanborn Physiologic Pressure Transducers. in normal saline, alcohol and other standard physiologic 
3 and sterilization solutions. Chamber design permits 


two sensitivity scerics aa cm/mm Hg or flushing liquid to sweep the entire pressure chamber, 
1 cm/0.1 mm Hg — provide models for both removing all bubbles. Standard luer female type con- 
differential (difference between two variable nections accept all needle and catheter fittings. 
pressures) and single-ended (difference between Extremely small size (1/g” high x 19%” wide x 1” 


. ; deep) allows transducers to be easily supported by 
a variable pressure and atmospheric pressure) ring stand clamp or similar method for use close to 


measurement. the subject under test. 


Complete data on the pressure 
Sensitivity nominal working range| volume displacement | transducers, as well as compatible 
amplifying, monitoring and re- 


, is av 


cording instr’ 
Model 267] 1 cm/1 mm Hg |—100 to +400 mm Hg] 0.05 mm3/100 mm Hg] . eens . 

in a new 42-page “Biophysical 
Instrument" catalog. Copies are 
Model 268] 1 cm/0.1 mm Hg] —40 to +40 mmHg | 0.5 mm3/100 mm Hg | available on request from Inquiry 


Director, Waltham, Mass. 


SANBORN ¥ COMPANY 


Medical Divisione 175 Wyman Street, Waltham 54, Mass. 
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@ respiratory pressure | | 
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e gastric pres: pure  - i | 
| 
| 

if 
> 


UNIQUE FEATURES 
@ small, 0.2 mi, sample. 
sample ible, not y 
© always ready, no warm up needed. 
reads directly in milliOsmols. 
® precision +2 mOsm. 
® only one knob to turn. 
© permanent calibration. 
© no electronics. 


ADVANCED 
INSTRUMENTS, inc. 


fast, accurate measurements 
in the electrolyte laboratory... 


OSMOMETER 


COMPLEMENTING THE ADVANCED 
FLAME PHOTOMETER... 

In only one minute, using the classical art of 
freezing points, the Fiske Osmometer accurately 
measures total electroytes (osmotic pressure) in 
body fluids. Unique, easily controlled supercool- 
ing gives ice of uniform repeatable temperature 


throughout the sample. 


The Fiske Osmometer is a reliable and 


practical tool for: 


any body fluid osmolarity, osmolality or osmotic pressure 


overhydration, dehydration 
renal shutdown 

checking low sodiums for lipids 
diabetes insipidus, mellitus 
specific gravity of urine 

quick sodium estimation 


Write for complete information and list of users, today. 


41. Kenneth St., Newton Highlands 61, Mass. 
Telephone DEcatur 2-8200 


COLORIMETRIC 
DETERMATUBE 


A modification of the regular Determatube 
LDH (reading at 340 ma), which makes it 
possible to determine LDH activity in the 
visible light region (600 ma) using any 
standard loboratory colorimeter. 


All that is necessary in either case, is to 
dissolve the of the vial, add serum, 


and read. 


tan? 


Recent work by Wroblewski and Riley (Science 
132, 151, 1960) would seem to indicate that 
serum lactic dehydrogenase activity is ele- 
vated in animals with various experimental 
tumors and in some patients with malignant 
neoplasia. 

As research along these and similar lines 
progresses, it becomes increasingly important 
to have available simplified means for mak- 
ing accurate determinations. 


May we suggest that you write for the 
Worthington Booklet on Enzyme Reagents to: 


WORTHINGTON 
BIOCHEMICAL CORPORATION 


FREEHOLD 8, NEW JERSEY 


<. : 
FISKE 
/ 
ad 
et 
aig 
| 


A Balance for every weighing ... and 
KG, a Balance that will perform the weigh- 

: DOI ing to the accuracy required in the 
shortest possible time. Most of our 


Analytical extensive line of domestic and im- 
: : ported balances is illustrated and 
described in the 32-page Harshaw 

Balance? : Scientific Balance Bulletin. Do you 


; have your copy? In addition we will 
i gladly furnish detailed information 
: on particular balances. 


H-1642—Balance, Analytical, 
Ainsworth "Right -A- Weigh,” 
Type SC. Capacity—200 
grams. Sensitivity—1/10 mg. 
Single Pan. No weight handling. 
Features substitution weighing. 


Price $895.00 


H-2424—Balance, Analytical, H-2400—Balance, Analytical, 


Sartorius "Selecta Rapid” Sartorius “Projecta Rapid” 
model. Capacity—200 grams. Model. Capacity—200 grams. 
Sensitivity—1/10 mg. Single Sensitivity—1/20 mg. Two pan. 
Pan, No weight handling. No weight handling up to 10 
Weights are an integral part grams (weights up to 10 grams 
of balance and are added are built-in). 

by flick of external knobs. Price $645.00 


Price $890.00 


H-1905—Electrobalance, Cahn, 
Range Selector Model. For 


H-1823—Balance, Analytical, micro weighings quickly and 
Becker Model "AB-2". Two accurately. Maximum 
Pan. Dial reading, chaino- 0-100 mg. with 25 micrograms 
matic, with notched beam. sensitivity. Four other ranges 
Capacity—200 grams. Sen- down to 0-1 mg. with increased 
sitivity—1/20 mg. sensitivity. 

Price $449.00 Price $698.00 


‘ H-2440—Balance, Analytical, 
_ Voland Model 100N. Capacity 
These balances are just a few of the. —200 grams. Sensitivity — 


many balances making up our complete ~ 1/10 mg. ; 
line including Micro, Semi-Micro, Spe- : Price $125.00 


cific Gravity, etc. Write us regarding your : “A 
specific need. 


HARSHAW SCIENTI 
Division of The Harshaw Chemical Co. * Cleveland 6, Oh 
HARSHAW SUPPLYING THE NATION'S LABORATORIES COAST TO 
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CLEVELAND 6, OHIO 
1945 East 97% Street Hubbell Ave 
SALES OFFICES Atlanta 5, Ga. + Baton Rouge 6, La. + Buftalo 2. N.Y. + 
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Thousands of NATELSON MICROGASOMETERS ARE 
in use throughout the world for blood gas analysis. 
This growing popularity is based on the advantageous 
combination of micro specimens with remarkable ease 
and convenience of use. If you are not now using 
this popular apparatus you will want full particulars. 
If you are using the NATELSON MICROGASOMETER 
you will want the latest information about accessories 
and the new supplement to the instruction booklet 
explaining how new reagents and attachments increase 
the usefulness of this fine instrument. 


practical 
and convenient 


with Motorized 
Automatic Shaker 


Ask your Laboratory 
Supply Dealer for particulars, 
or write to: 


Scientific 
Industries 
Inc. 


DEPT. Ci-11, 15 PARK ST. 
SPRINGFIELD 3, MASS. 


_NOW_OVER 18. 000 


CHEMICALS 


@ a-Keto-5-aminovaleric acid 

@ Ketomalonic Acid (Disodium 
Salt) 

@ Khellin 

@ Lactase 

@ Lactide 

@ Lanthanum Chloride 

@ Lanthanum Oxide 

@ Lauroylcholine Chloride 

@ Lead Arsenate 

@ Lead Fluoride 

@ Lead Salicylate 

@ Lead Tungstate 

@ Lecithinase 

@ Leucinol, 1 (-) 

Leucoriboflavine 

Leucylglycylglycylglycine 

Lipositol 

@ Lithium Aluminum Hydride 


Ask for our new 
complete catalogue 


Laboratoues, Inc. 


7 West 60th St., New York 23, New York — 
Plaza 7-817] 


333 Cedar Street 


Vol. 
Vol. 
Vol. 
Vol. 


Vol. 
Index, Vols. 1-17, inc. 


The Journal of Clinical Investigation 


New Haven 11, Conn. 


VOLUMES 


BACK “ISSUES 


. 27 (1948) six issues and one 


supplement 


. 28 (1949) six issues and two 


supplements 


. 29 (1950) twelve issues 
Vol. 


30 (1951) twelve issues and 
one supplement 


31 (1952) twelve issues 
32 (1953) twelve issues 
33 (1954) twelve issues 


36 (1957) twelve issues and 
two supplements 


37 (1958) twelve issues 


Order While Available 
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THE NEW 


MEDICAL & LABORATORY 
microscore WE 


Leitz sets ¢ new standard in introducing this 
general purpose microscope for student and 
laboratory use. The SM model embodies the 
advances of design and craftsmanship that only 
100 years of microscope experience can provide. 
It combines solid construction and operational 
ease with true accuracy and precision. The 
Leitz MEDICAL & LABORATORY MICROSCOPE SM 
is the ideal microscope for the laboratory. 
Among its outstanding features are: 


* Famous Leitz ball-bearing, single knob, dual 
focusing control, combines fine and coarse 
focusing 

¢ Handsome design, solid and dependable 
construction 

¢ Flat-surfaced stand of corrosion-resistant light 
alloy 

¢ May be used turned away from observer for 
easy accessibility to slide 

¢ Instant-locking device changes tubes (inclined 
or straight monocular or binocular) in a one-step 
operation 


A TYPICAL COMBINATION OF ACCESSORIES 
MEDICAL & LABORATORY MICROSCOPE SM, with 
inclined monocular tube, mechanical stage; two-lens 
condenser with swing-out upper element and iris 
diaphragm; quadruple nosepiece; substage illumi- 
nator; carrying case. With optical outfit consisting 
of achromats 3.5x, 10x, 45x, and 100x—oil 6x and 
10x eyepieces. 


¢ Variety of object stages to choose from 

¢ Removable mirror interchanges with attach- 
able illuminators 

Retractable spring-loaded mounts on high- 
powered objectives provide positive protection 
against damage to slide or front lens. 


E. Leitz, Inc., Dept. 
468 Park Avenue South, N. Y. 16, N. Y. 
Please send me additional information on 
the SM Microscope 


| NAME 
city ZONE STATE 
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E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 


Oistributers 


worid-famous products of 


Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES : PROJECTORS . MICROSCOPES - BINOCULARS 
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“UROGRAPH can give clinically accurate results in approximately 14 
the usual laboratory time. Additional laboratory savings can also be 
measured in the small amount of laboratory space and required glass- 
ware.” (Appleton, H. D., Mandel, Mary and Sala, A. M. Presented before the Eleventh 
Annual Meet. Am. Assoc. Clin. Chem. Cleveland, Ohio, Aug. 27-28, 1959) 


urea nitrogen chromatography papers 


U ro pa ra p al for determining urea nitrogen levels in 


serum or plasma. 


: gm Available in packages of 500 tests at $48.00 fo 
maximum accuracy ‘minimum work and 100 tests at $18.00. 
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Why Change? 


Something new under the laboratory sun was presented in 
1956. 


A human serum with a normal electrophoretic pattern and 
known normal values was offered for use in quality control 
over clinical chemistry—and for standardization and cali- 
bration of laboratory procedures. 


The first completely abnormal serum control and standard 
—Versatol-A—was made available in 1957. During the past 
four years professional group after professional group has 
come to recognize the pricelessness of quality control ob- 
tained with valid human serum knowns. 


Versatol and Versatol-A have stood the test of time. They 
have helped in launching a new era—now endorsed by even 
the most conservative individuals and judicious professional 
organizations. 


WHY THIS CHANGE? Important facts on current trends 
in clinical chemistry are detailed in a new series of notes 
produced by the Scientific Information staff of Warner- 
Chilcott’s General Diagnostics Division. “Current Com- 
ments in Clinical Chemistry” are available free on request. 
Write for them. And use Versatol and Versatol-A routinely. 
Available from your General Diagnostics Distributor. 


Versatol’| Versatol-A 
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Ev! 


an important solution 
in the 
management of 
resistant staphylococcus infections 


Penicilin (131 fold increase) | 


| 
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| 
Vancocin (4 to 8-fold increase) 


| 


21 23 


Fold Increase in Resistance 


Number of Transfers 


"DEVELOPMENT OF RESISTANCE BY STAPH. AU us TO \VANCOCIN 


‘AND PENICILEIN—Development of resistance to Vancocin has not yet 
"been demonstrated clinically. It is even difficult to force” avelogenent 


of resistance in laboratory studies. 


VANCOCIN’ 


(vancomycin, Lilly) 


e Vancocin is bactericidal in readily achieved serum concentrations. 

e Vancocin is effective against antibiotic-resistant gram-positive pathogens. 
Cross-resistance does not occur. 

e Vancocin averts the development of antibiotic-resistant organisms. 


Supplied: 

Only as Vancocin, I.V., 500 mg., in 10-cc. rubber-stoppered ampoules. Before 
administration, the physician should consult essential information contained in 
the package. 


LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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ABSORPTION OF RADIOACTIVE SODIUM FROM THE INTESTINAL TRACT 


OF MAN. I. EFFECT OF INTESTINAL MOTILITY.* II. EFFECT 


The factors that may influence the kinetics of 
sodium absorption from the normal and the dis- 
eased human small intestine are not well defined. 
The importance of two such factors, intestinal mo- 
tility and parenteral administration of organo- 
mercurials, was separately investigated in the 
present study. 

The significance of intestinal motility in man 
has recently been evaluated (3, 4). In normal 
subjects, administration of methantheline bro- 
mide (Banthine) significantly reduced the rate of 
sodium absorption from the intestinal lumen (3). 
The diminished transport of sodium was con- 
sidered to be due to the concomitant reduction in 
intestinal motor activity. In patients with sprue 
in relapse, the rate at which sodium entered the 
circulating blood from the small bowel was also 
significantly reduced (4, 5). The altered intes- 
tinal motor activity observed in this condition, as 
well as the presence of an enzymatic defect, was 
thought to play an important role in the abnormal 
sodium absorption (4). 

The effect of mercurials on sodium absorption 
has been studied in animals. A similarity between 
the transport mechanisms in the renal tubular and 
intestinal epithelial cells was suggested by the ob- 
servation that, when mixed with the saline, and 
administered into the intestine, various mercurial 
compounds caused a decrease in the rate of in- 
testinal absorption of the sodium (6) and chloride 
ions (6, 7). 

As a baseline for the present experiments, <e- 
signed to evaluate the effect of motility and or- 


* A portion of this work has been published in abstract 
form (1). 

+ Read in part by title at the Fifty-first Annual Meet- 
ing, American Society for Clinical Investigation, At- 
lantic City, N. J., May 4, 1959 (2). 

t¢ Present address: Seton Hall College of Medicine and 
Dentistry, Jersey City, N. J. 
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By VICTOR W. GROISSER  ¥ ann JOHN T. FARRAR witH THE TECHNICAL ASSISTANCE 
or GLORIA C. FERRIS 


(From the Medical Service of the Veterans Administration Hospital, and the Department of 
Medicine, Cornell University Medical College, New York, N. Y.) 


(Submitted for publication March 14, 1960; accepted July 15, 1960) 
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ganomercurial administration on sodium absorp- 
tion, studies were initially performed to determine 
the characteristics of normal sodium transport, in- 
cluding a measure of variations in normal rates of 
absorption. The term “absorption” as used in 
this paper refers to the unidirectional transfer of 
sodium from the intestinal lumen into the arterial 
blood. 


METHODS 


Sodium absorption 


Forty-five tests of radiosodium absorption were per- 
formed on 25 convalescent male hospital patients. All 
subjects were in normal electrolyte balance and were 
free of cardiac, hepatic, renal, endocrine and intestinal 
diseases. Their ages ranged from 25 to 70, with a mean 
of 43 years. 

The observations were made in the morning after an 
overnight fast of at least 8 hours. The patient remained 
supine throughout the test. A Miller-Abbott tube was 
passed under fluoroscopic guidance and its tip positioned 
in the jejunum approximately 20 to 30 cm beyond the 
ligament of Treitz. The location of the tube was re- 
corded roentgenographically at the beginning and end of 
each study. A Cournand needle was inserted into the 
brachial artery and secured in place. Control samples of 
blood were obtained. Sodium”, 10 to 15 uc in 30 ml of 
isotonic saline warmed to 37° C, was introduced into the 
proximal jejunum at a constant rate during a 60 second 
period. Sodium”, 7 to 12 uc in 2 ml of isotonic saline, 
was injected intravenously over a 10 second period, the 
mid-point of the intravenous injection coinciding with the 
mid-point of the sodium™ administration. During the 
second minute, the Miller-Abbott tube was flushed with 
15 ml of nonradioactive, isotonic saline. The mid-point 
of the sodium” and sodium” injections was considered 
to be zero time, and 4 ml of arterial blood was withdrawn 
at 1-minute intervals for the first 12 minutes, at 3-min- 
ute intervals until 30 minutes had elapsed, and then at 5 
to 10-minute intervals up to 1 hour. 

To determine the degree of reproducibility of the ab- 
sorption of sodium a second test was performed on 9 pa- 
tients under identical conditions 1 hour after the control 
study. In 11 patients, control studies preceded repeat 
tests performed after intravenous injection of propanthe- 
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1608 VICTOR W. GROISSER 
line bromide (Probanthine). In each repeat test, admin- 
istration of sodium™ and sampling of arterial blood were 
performed exactly as in the control study. However, in 
order to minimize the contribution of the radioactivity 
present from the initial test, a much larger dose of so- 
dium™, 50 to 90 wc, was administered in the same quantity 
of isotonic saline. The plasma background for purposes 
of the second test was determined by averaging the radio- 
activity in two arterial samples drawn immediately prior 
to the administration of the second 
The decrease in this background radioactivity during the 
first 12 minutes of the repeat test was calculated by ex- 
trapolation to be less than 1 to 2 per cent of the total 
plasma radioactivity at 12 minutes. Absorption was al- 
most complete at 12 minutes in both studies and it is this 
12 minute period which is evaluated in greatest detail. 
The spaces of distribution determined during the control 
study for each patient were used in calculation of sodium 
absorption in both the control and repeat tests. 

The concentration of isotopic sodium was determined 
by counting 2 ml of plasma in a conventional well-type 
scintillation counter. 


dose of sodium”. 


Each sample of plasma containing 
both sodium” and sodium” was counted for a period at 
least long enough to register 10,000 counts. 
later, the sodium™ (T;=15 hours) had decayed to 
negligible levels, and the plasma was again counted to 
determine the sodium” (T;=2.6 years) concentration. 
Sodium™ plasma levels on the day of the test were calcu- 
lated by subtracting the sodium” contribution. The dose 
of sodium” and sodium™ administered was determined by 
correcting for the total residual radioactivity in the syr- 
inges and in the Miller-Abbott tube. Absorption rates 
were calculated by the formula of Scholer and Code (8) 
using each patient’s observed serial sodium™ plasma con- 
centration values and sodium” spaces of distribution. 

Conventional statistical methods were used to deter- 
mine the 80 percentile range and linear correlation coeffi- 
cients (R). The probability (p) that a correlation coeffi- 
cient was obtained by chance was evaluated by analyses 
of variance and the ¢ test (9). 


One week 


II. Intestinal motility 


The motor activity of the small intestine was studied 
by detection and recording of intraluminal pressure in 21 
studies. Two different systems were employed to re- 
cord these pressure fluctuations. In 11 experiments a 
pressure-sensitive radio-telemetering capsule was used 
(10). In 10 tests a small balloon was connected via one 
lumen of a Miller-Abbott tube to a strain gage manom- 
eter (Statham). The balloon was 2 inches long, had a 
capacity of approximately 45 cc, and during recording 
was filled with 5 cc of air. Intraluminal pressure was 
displayed oscilloscopically and permanently recorded by 
an oscillograph. In all studies, the pressure-detecting 
device was placed 1 to 1.5 feet distal to the point of ad- 
ministration of sodium™ into the jejunum. When the 
radio-telemetering capsule was used, it was held station- 
ary by a thin, peroral thread. When the small balloon 
was employed, the other lumen of the Miller-Abbott tube 
was used to administer the sodium™-saline solution. The 
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intraluminal pressure records were analyzed for the pres- 
ence of type I or “segmenting” waves and type III waves 
(11). For this investigation, type I waves are defined as 


simple, monophasic pressure waves of 2.5 to 7 seconds in 


duration. Type III waves are complex waves of longer 
duration, consisting of type I waves superimposed on an 
elevation of the baseline of at least 5 cm of H.O. De- 
termination was made of the percentage of time that type 
I and type III activity was present by measuring and 
summating the duration of each wave form. In addition, 
the average amplitude of the type I waves was calculated. 

Jejunal intraluminal pressure was recorded during 15 
absorption experiments from the unstimulated small bowel 
of 11 patients. In 4 of the patients, pressures were re- 
corded during a control and repeat absorption experi- 
ment performed under identical conditions. Following 
the control tests in 6 of the remaining patients, a re- 
peat motility and absorption study was preceded by the 
intravenous administration of 0.3 mg per kg of pro- 
pantheline. In these studies, the second sodium™ absorp- 
tion-motility test was timed to coincide with the occur- 
rence of a definite anticholinergic effect, i.e., dry mouth, 
tachycardia or blurring vision. 

In 6 additional patients who received propantheline, 
absorption of sodium™ was determined after spreading 
the test saline solution over 2.5 to 3 feet of jejunal mu- 
cosal surface. Prior to the administration of propanthel- 
ine, the tip of the Miller-Abbott tube was advanced to a 
point 4 to 5 feet distal to the ligament of Treitz. When 
a peripheral effect of propantheline was observed, mu- 
cosal spread of the saline was accomplished by steadily 
withdrawing a measured length of tubing (2.5 to 3 feet) 
during the period (1 minute) of continuous sodium” ad- 
ministration. 

X-ray studies. Preliminary to the radiosodium absorp- 
tion experiments, radiographic studies were performed 
to gain information regarding: 7) the best location for 
placement of the Miller-Abbott tube, and 2) the rapidity 
of passage through the small bowel of a radiopaque solu- 
tion administered at the same rate and in the same quan- 
tity as the sodium” test solution and the subsequent flush- 
ing isotonic saline solution. Seventeen tests on 13 
patients were performed. Thirty ml of sodium 3-acetyl- 
amino-2, 4, 6-triiodobenzoate (Urokon Sodium) was ad- 
ministered steadily into the small bowel through a Miller- 
Abbott tube for 1 minute, followed by a wash of the same 
dye (15 ml) during the second minute. Radiographs of 
the abdomen were taken at 1 minute after the midpoint 
of the initial injection, and then at 2, 5, 10 and 20 
minutes. 

In the first 6 tests, the tip of the Miller-Abbott tube 
was placed in the transverse duodenum. In 2 studies a 
small quantity of dye was noted to reflux into the stomach. 
Thereafter, to avoid reflux, the tip of the Miller-Abbott 
tube was placed approximately 20 to 30 cm distal to the 
ligament of Treitz for the additional 8 X-ray studies and 
for all of the subsequent sodium experiments. 

Examination of the radiographs revealed that at 1 
minute the dye was distributed over an area of approxi- 
mately 1 to 1.5 feet of the jejunum, and at 5 minutes 


{ 
: 
4 
‘ 
te 


EFFECT OF INTESTINAL MOTILITY AND 
was dispersed throughout the jejunum and most of the 
ileum. At 10 minutes some of the dye had entered the 
proximal colon in several patients. In 3 additional pa- 
tients, in whom X-ray studies were performed following 
propantheline administration, the radiopaque dye remained 
localized in the upper jejunum for a period of at least 20 
minutes. Radiopaque marker substances were not used 
in the sodium” absorption experiments, in order to avoid 
possible alterations in osmolarity and viscosity of the 
test saline solution. 


III, Mercaptomerin administration 


Eleven additional convalescent hospital patients were 
used in this study. Two tests of sodium” transport from 
intestinal lumen to arterial blood were performed on each 
patient. Since only intra-individual differences between 
arterial appearance curves of sodium™ were analyzed, 
sodium” was not used and spaces of distribution were 
not determined. Sodium” administered as in the 
first portion of the study and arterial blood serially sam- 
pled. In addition, a multi-holed urinary catheter was in- 
serted into the bladder of each patient and timed urine 
collections were made. At the end of each collection pe- 
riod, 100 to 200 cc of air was injected to insure adequate 
collection. After the initial sodium” absorption study and 
after at least two 15-minute urine collections, 2 ml of 
mercaptomerin was given intravenously to each of the 11 
patients. A second intestinal absorption test was per- 
formed 70 to 120 minutes after the first test and timed 
to coincide with a marked diuresis, if diuresis occurred. 
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Minutes 8 

Fic. 1. a. QUANTITY OF sopIUM™ 
NORMAL PATIENTS FOLLOWING 
PER CENT OF ADMINISTERED DOSE. 
ARTERIAL BLOOD. 
administered dose per liter. 


MERCAPTOMERIN 


INTRAJEJ UNAL 
b. RATE OF APPEARANCE OF SODIUM” IN THE 
The plasma concentration of sodium” is represented as per cent of 
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Urinary sodium and chloride were determined by stand- 
ard methods (12, 13). 

Since no correction was made in these studies for vari- 
ations in the “sodium space,” experiments were carried 
out in 4 other patients to demonstrate that mercapto- 
merin did not appreciably alter the arterial disappearance 
curve of intravenously administered sodium. Sodium™ 
Was given intravenously prior to mercaptomerin and an 
arterial disappearance curve plotted. The study was re- 
peated after mercaptomerin and was timed to coincide 
with a urinary diuresis as in the absorption studies. 


RESULTS 


I. Characteristics of sodium absorption in normal 
patients 


Rate and total quantity of sodium** absorbed 
following intrajejunal adminisiration in 22 pa- 
tients. At 5 minutes a mean total of 61.7 + 15.3 
per cent, and at 12 minutes a mean total of 94.0 + 
11.8 per cent of the administered dose were trans- 
ferred from intestinal lumen to arterial blood (Fig- 
ure la). Mean absorption during the eleventh 
minute was 3.9 per cent and during the twelfth 
minute, 1.8 per cent of the administered dose. 
By continuing the calculations to 21 minutes in 9 
tests, increasingly small increments in the curve of 
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Per Cent Remaining in intestine 


a 


Fic. 2, QUANTITY OF SODIUM” REMAINING IN THE IN- 
TESTINE FOLLOWING INTRAJEJUNAL ADMINISTRATION. The 
rate of absorption is exponential between the second and 
tenth minute, during which approximately 90 per cent of 
the total dose is absorbed. 


sodium** were noted, approaching or reaching 
zero absorption. In seven patients absorption of 
more than 100 per cent of the administered dose 
occurred at 12 minutes. 

The mean rate of absorption of sodium** in 
terms of the quantity in the intestinal lumen was 
exponential between the second and tenth minute 
(Figure 2). During this period, 21 per cent of 
the amount remaining in the intestine was ab- 
sorbed per minute. 

The initial period during which the plasma con- 
centration curve rose sharply (Figure 1b) cor- 
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IN CONTROL AND REPEAT CONTROL STUDIES 
INTRAJEJUNAL ADMINISTRATION OF SODIUM”, 


responded to the period during which the absorp- 
tion curve also rose rapidly and the largest quan- 
tity of sodium** was absorbed (Figure la). This 
might be expected, since the values for absorption 
of sodium** were derived by integration of the ar- 
terial appearance of sodium** and the disappear- 
ance of sodium**. The concentration value at 5 
minutes was closely correlated (R = + 0.91) with 
the average quantity absorbed per minute in the 
first 5 minutes. During this time more sodium** 
entered the blood stream than left the intravascu- 
lar space. At 8 minutes most of .the sodium had 
been absorbed. By 12 minutes the concentration 
curve of sodium** had already started to decline, 
while the cumulative absorption curve continued 
to rise. Thus, little correlation (R= + 0.20) 
existed between the concentration value and the 
total quantity absorbed at 12 minutes. 

There was close correlation (R = + 0.96) be- 
tween the average quantity absorbed per minute 
during the first 5 minutes and the time required 
for the absorption of 50 per cent of the adminis- 
tered dose. This suggests that in normal patients 
these measures may provide essentially the same 
information. 

Evaluation of a repeat test of sodium absorption 
under identical conditions in 9 patients. Inspec- 
tion of mean absorption and concentration curves 
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a. MEAN ABSORPTION CURVE (PER CENT ADMINISTERED DOSE) OF SODIUM™ 


IN NINE NORMAL PATIENTS FOLLOWING 
b. MEAN ARTERIAL CONCENTRATION 


OF SODIUM™ (PER CENT ADMINISTERED DOSE PER LITER) IN CONTROL AND REPEAT CON- 
TROL STUDIES IN NINE NORMAL PATIENTS FOLLOWING INTRAJEJUNAL ADMINISTRA- 


TION OF SODIUM™. 
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TABLE I 


Variance analysis between control and repeat sodium absorption tests 


in 9 patients and single tests in 22 normal patients 


Concentration 


at 


5 min 


Quantity 
absorbed at 
12 min 


Absorption 
rate, first 
5 min 


Absorption, 
50% 


of dose 


Variance between single 

tests in 22 normal patients 
Variance between single 

tests in 9 normal patients 
Variance between repeat tests 

in each of the 9 normal patients 


3.32 
4.08 
2.39 


1.56 9.34 140.17 


10.81 108.04 


5.90 43.38 


(Figures 3a and 3b) for the control and repeat 
control test in 9 patients demonstrates the close 
reproducibility of sodium absorption studies in 
each patient. No significant differences were 
found between the two control tests for the follow- 
ing parameters : concentration values at 2, 3, 5 and 
8 minutes; and rates of absorption during the 
first 5 minutes and the 50 per cent absorption time. 
The total quantity absorbed at 12 minutes was 
greater in the repeat studies, the difference being 
statistically significant at the 5 per cent level. 
This difference at 12 minutes occurred at a time 
when little sodium was still being absorbed, and 
large technical errors can be expected. <A _ sig- 
nificantly greater difference was found between 
single control tests on different patients than be- 
tween two control tests on the same patient (p < 
0.05). A variance analysis (Table [) demon- 
strates the gain in the precision of the experi- 
ment when a patient is used as his own control. 


IT, Relationship between intestinal motor function 
and absorption of sodium** from the small 
bowel 
Correlation of absorption and motility from the 

normal small bowel in 11 patients. In the 11 pa- 

tients in whom sodium” transport and intraluminal 
pressure studies were measured simultaneously, 
absorption occurred at a rate similar to that noted 

for the larger group of 22 patients. A mean of 53 

per cent of the administered sodium** was absorbed 

in 5 minutes and a mean of 89 per cent was ab- 
sorbed in 12 minutes. Intraluminal pressure re- 
corded during 15 small intestinal absorption ex- 
periments varied widely from patient to patient 

(Table II). There was more intestinal motor ac- 

tivity in the first 5 minutes after administration 

of the test solution than in the succeeding 7 min- 


utes, possibly due to the motor response of the 
bowel to the presence of the sodium**-saline solu- 
tion. The average time during which type I waves 
were present was 29 per cent of the total 12 min- 
utes (range 2 to 82 per cent). The average am- 
plitude of the type I waves varied for each patient 
from 0.5 to 14 cm H.O; mean for the group, 5 cm 
H,O. Maximal amplitudes for type | waves for 
each patient ranged between 2 and 47 cm H,0O. 
The average duration of type III activity during 
the 12 minute recording ranged from 0 to 16 per 
cent ; mean, 6 per cent. 

Analysis of the data in 15 motility and absorp- 
tion studies revealed that a positive though not 
striking correlation existed between percentage of 
time that type I waves were occurring and the 
quantities absorbed at 5 minutes (R = + 0.63) 
and at 12 minutes (R = + 0.55), as determined 
by a comparison of the relative ranking of the mo- 
tility and absorption values in this series. These 
correlations are significant at the 2 per cent and 
5 per cent levels, respectively. There was no cor- 
relation (R = + 0.25 or less) between either the 
amplitude of type I waves or the per cent dura- 
tion of type III waves with the quantity of sodium 
that was transported from the intestinal lumen into 
the arterial circulation. 

In the three (of four) patients in whom two 
control tests per subject were performed, an in- 
crease or decrease of the amount of type I activity 
in the repeat control test was always accompanied 
by a change in absorption in the same direction, 
although no correlation existed with the degree 
of change. The remaining patient J.O. (Table II) 
absorbed the same quantity of sodium at 12 min- 
utes in both control tests, despite a considerable 
difference in motor activity. 

Despite the finding of a moderate positive cor- 
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relation between absorption and the occurrence of 
type I activity in the control studies, normal ab- 
sorption was found to be associated with minimal 
motor function of any type in several patients 
(J.O., J.L., W.R., Table IT). 

Correlation of absorption and motility before 
and after propantheline administration. Adminis- 
tration of propantheline in eight patients signifi- 
cantly reduced sodium** plasma absorption and 
concentration values (Figures 4a and 4b) as com- 
pared with control levels (p < 0.05). 

As an indication of a significant change from 
control levels, the initial slope of the post-anti- 
cholinergic plasma concentration curves (Figure 
4b) afforded almost as much information as the 
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calculated absorption data (Figure 4a). The de- 
gree to which absorption was diminished in indi- 
vidual patients varied considerably and did not 
correlate well (R = + 0.28) with the control ab- 
sorption values (Figure 5). Nor was any cor- 
relation observed in these patients between the ef- 
fect of propantheline on absorption and the severity 
of the anticholinergic effects such as tachycardia, 
xerostomia or blurred vision. 

Intraluminal pressure was simultaneously re- 
corded during the sodium absorption experiments 
in six of the eirht patients before and after pro- 
pantheline. Type I waves were abolished or 
markedly reduced following propantheline ad- 
ministration in four of the six patients. In the 


TABLE II 


Sodium absorption and intestinal motility 


Pressure waves during first 


5 minutes 


Type I 
Quantity 
absorbed 
at 5 min 


Time 


Patient present Av. amp. 


cc HO 


of dose % 


Pressure waves during first 
12 minutes 
Type I 
Quantity — 
absorbed Time 


at 12 min present 


Type III 
Time 
present 


Type III 
Time 


Av. amp. present 


% % of dose % cc HO 


. Two control tests (a and b) 


68.0 


75.5 


58.0 
69.0 


8. 
4. 


3 


3.3 98. 11.7 
14. 


1 
3.3 


II. Control (a) and propantheline (b) tests 


23.8 
0.0 


9:3 
0.0 


11.7 
13.4 


24.2 
48.5 


W.R. a 
b 


* Repeat motility study not perormed. 
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t Twelve-minute motility record technically suitable for only 7 minutes. 


4 
3.8 
31.9 44 1.3 | 
5.7 88.4 31. 
30.8 7.7 18.6 99.3 46.3 6.2 12.0 
5 4.3 6.3 
10.4 15.3 86.5 8.5 
368 6.7 14.3 85.6 25.9 5.2 5. 
ae 28.1 13.7 16.1 
0 16.0 92.3 2 
b 36.0 1.3 
oe 3.9 23.0 75.6 5.1 3.2 9.5 | 
A.C. a 67.0 
S. at 46.5 
b 9.0 
oe 67.0 64.6 1.6 0.0 
L.G. a 96 0.0 
b 21.5 34.7 
45.5 4.8 0.9 0. 
b 255 61.8 92 0.0 
47.0 0.0 0.0 
26.0 0.0 0.0 
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Minutes 
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THINE ADMINISTRATION. 


two remaining patients the total type | motor ac- 
tivity of the jejunum was significantly, although 
transiently, accentuated by the drug. Serial rhyth- 
mic, 11 minute, type | waves were noted for short 
periods before complete inhibition occurred. Ef- 
fect of propantheline on type III activity could 
not be evaluated in three of the patients, since it 
was absent before the drug as well as after. Pro- 
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Fic. 4. a. MEAN ABSORPTION CURVES OF SODIUM™ IN EIGHT NORMAL PATIENTS 
BEFORE AND AFTER PROBANTHINE ADMINISTRATION. b. MEAN ARTERIAL CONCEN- 
TRATION OF SODIUM” IN EIGHT NORMAL PATIENTS BEFORE AND AFTER PROBAN- 


— Control 
90- JS. After Probanthine 


b 


10 


“4 —— Control 
~~~ After Probanthine 


Per Cent Administered Dose Per Liter 


pantheline did abolish type III waves, however, in 
the studies on two patients in whom they were 


present in the control study. 

There was a reduction of both absorption and 
motor activity following propantheline adminis- 
tration in four patients, but no obvious correla- 
tion was noted between the degree to which each 
of these functions was depressed. In the two pa- 
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Minutes 2 4 6 8 10 12 0 2 4 6 
Fic. 5. ABSORPTION OF SODIUM” IN THREE NORMAL PATIENTS BEFORE AND AFTER PROBANTHINE 
ADMINISTRATION. There is no relationship between control levels of sodium™ absorption and 
the degree to which Probanthine depresses absorption. 
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TABLE III 


Renal effect of mercaptomerin* on urinary flow, and sodium and chloride excretion 


at beginning of repeat sodium™ study 
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Type of study Patient 
cS. 
CH. 
R.A, 
Sodium” absorp- R.M. 
tion study (intra- iS. 
jejunal adminis- J.M. 
tration) Be 
H.G. 
PX. 
Sodium* distribu- J.G. 
tion study (i.v. W.N. 
administration) 
G.]J. 


* Administered intravenously following control sodium™ study. 


Urinary volume 


change in minute 


flow 


Mean 372 
SE +98 
SD +324 


730 
450 
388 
1,017 


recorded in table, 70 to 120 minutes after mercaptomerin administration. 


t Per cent change from control levels. 


tients who manifested increased motor function, 
absorption was reduced despite the increase in per 
cent duration and amplitude of type I activity. 
It is of considerable interest, however, that in one 
of these patients (A.C.) sodium** absorption after 
propantheline was within the 80 percentile range 


for normal subjects. 


Urinary changest 
Sodium 
change 

in minute 
rate of 
excretion 


1,163 


Chloride 
change 
in minute 
rate of 
excretion 


Second study started at time of urinary changes 
All values represent an increase above control levels. 


The other patient (J.L.), 
who had increased motility after propantheline, 


had greatly decreased absorption. 


Effect of spreading sodium** over jejunal mu- 
cosa on propantheline-induced inhibition of ab- 
The mean absorption of sodium** fol- 


sorption. 
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Fic. 6. ARTERIAL CONCENTRATION CURVES AFTER INTRAJEJUNAL 


TIENTS BEFORE AND AFTER MERCAPTOMERIN. 


ADMINISTRATION OF 


SODIUM™ IN SIX PA- 


These six patients were selected to demonstrate the variation in 


control absorption which exists between different patients, as well as to demonstrate the absence of a mercap- 


tomerin effect on sodium transport from the intestine. 


\ 
thes 
= 
287 584 230 \ 
33 99 110 | 
36 40 23 
848 700 653 
414 552 349 
112 227 190 
300 162 206 
936 1,354 1,555 
636 299 368 
29 456 416 
528 461 
+137 +136 
+455 +449 
256 390 
602 403 
869 494 
961 
pod 
R.A 


lowing propantheline administration was not ap- 
preciably changed by mechanically spreading the 
sodium** over approximately 2.5 to 3 feet of je- 
junal mucosal surface. In the six patients in 
whom the sodium** was artificially dispersed over 
the jejunum, absorption at 5 and 12 minutes was 
29 and 58 per cent of the administered dose, re- 
spectively, compared with absorption of 27 and 55 
per cent in the eight patients who received pro- 
pantheline, but in whom no attempt was made at 
dispersion of the test solution. 


III. Effect of parenteral mercaptomerin adminis- 
tration on sodium absorption 


In seven of the 11 patients, a definite, marked 
increase in natriuresis followed mercaptomerin ad- 
ministration (Table III). In three patients (J.J., 
R.A. and C.H.) the effect was present but not 
marked, and in one patient (R.M.) little effect 
was noted. The mean per cent increase in uri- 
nary flow for the 11 patients as compared with 
control rates of flow was 372 per cent per minute, 
SE + 98; the mean per cent increase of sodium 
excretion was 528, SE + 137; the mean per cent 
increase of chloride excretion was 461, SE + 136. 

The arterial plasma concentration curve of so- 
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Fic. 7. ARTERIAL DISAPPEARANCE CURVES AFTER INTRA- 
VENOUS ADMINISTRATION OF SODIUM” BEFORE AND AFTER 
MERCAPTOMERIN. The closeness of the two curves sug- 
gests that the mercaptomerin does not significantly affect 
the distribution of the sodium” during the first 12 minutes. 
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dium** following mercaptomerin administration 
was in each case very similar to that of the control 
(Figure 6). The mean differences between the 
concentrations in the control test, minus those af- 
ter mercaptomerin at 2, 3, 5 and 8 minutes, re- 
spectively, were: + 0.01, — 0.15, — 0.12, + 0.34. 
These values do not differ significantly from 0, 0, 
0, 0 nor do they differ significantly from one an- 
other by Hotelling’s ¢ test or the conventional F 
test. 

The difference in the control arterial appear- 
ance curves of sodium** noted between different 
patients was very much greater than that noted 
between the control and post-mercaptomerin tests 
in the same patient. 

The arterial disappearance curve of intravenous 
sodium** in four other patients was unaffected by 
the administration of mercaptomerin (Figure 7). 


DISCUSSION 
1. Sodium absorption 


Sodium** in an isotonic saline solution was trans- 
ported rapidly from the intestinal lumen into the 
arterial circulation, In 22 control tests, the uni- 
directional transfer of 50 per cent of the test dose 
of isotopic sodium occurred in a mean of 4.3 min- 
utes as compared with a mean of 6.1 minutes in 
13 normal patients studied elsewhere (3, 4, 14). 
Although it is possible that the absorption of 
greater than 100 per cent of administered sodium** 
in seven patients represented re-excretion of so- 
dium** into the intestinal lumen, it is more likely 
that the errors of the method largely accounted for 
this finding. Reproducibility of the rate at which 
sodium was absorbed from the intestine in nine 
repeat control tests was demonstrated to be quite 
good. On the basis of this reproducibility, the 
technique of using a patient as his own control 
was utilized in further studies. When only intra- 
individual differences were compared, as in the 
case of the evaluation of the effect of organomer- 
curial administration on the absorption of sodium 
ions, sodium spaces of distribution were not re- 
quired. This facilitated the study by eliminating 
the laborious mathematical calculations needed to 
integrate concentration with distribution values. 
It was first determined, however, that no change 
in the distribution of sodium resulted from mer- 
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captomerin administration. When inter-individual 
differences in sodium absorption were analyzed, 
as in the study of intestinal motility and sodium ab- 
sorption, it was essential to measure the rate of 
arterial appearance and disappearance of the 
test substance. The ability to accurately trace 
the distribution of sodium throughout the body 
(15) is essential to this technique, and offers a 
dimension in the study of absorption from the in- 
tact human small bowel which is lacking when 
rates of absorption of such commonly used sub- 
stances as glucose, vitamin A, triolein and oleic 
acid are determined (16). It should be noted, 
however, that the validity of this method (8, 17) 
depends in part upon how accurately the distri- 
bution of intravenous sodium”? reflects the distri- 
bution of the sodium** absorbed from the intestine. 
Since sodium** must pass through the intestinal 
mucosa, liver and/or lymphatics before reaching 
the systemic circulation, it is possible that the two 
isotopes are not identically distributed during the 
first few minutes. This question has not been 
completely resolved but experiments in dogs (18) 
in which sodium** was injected into the portal vein 
suggest that the difference in route of administra- 
tion may not introduce significant errors. 


II. Intestinal motility and sodium absorption 


Moderate positive correlation between type | 
waves, the “segmenting” waves, and transfer of 
sodium ions from intestinal lumen to arterial blood 
was observed. Particularly in patients in whom 
two control absorption and motility studies were 
performed, there was a parallel relationship be- 
tween increased or decreased absorption and cor- 
responding increase or decrease in segmental mo- 
tor activity. However, the finding of normal 
rates of sodium transport in the presence of little 
intestinal motor activity of any type suggests that 
motility may not be as crucial a factor in the ab- 
sorption of sodium from a saline medium as has 
heen postulated (3, 4). It is quite possible that 
intestinal motor activity may be of greater im- 
portance to the efflux of sodium from the lumen 
when the administered sodium is mixed with a 
more viscous substance such as food. A greater 
degree of churning would be then required to 
achieve continuous optimal mucosal contact. The 
observation that a constant proportion of sodium** 


remaining in the intestinal lumen enters the blood 
stream every minute until 90 per cent is absorbed 
suggests that an optimal absorbing surface is 
achieved within a few minutes in the normal bowel. 
A similar exponential rate of absorption has been 
noted previously for D,O (18). 

Any discussion of the relationship between ab- 
sorption and motility must include a consideration 
of the methods used to record motility. In these 
studies we have employed a device which detects 
the intraluminal pressure at one point in the 
jejunum, The intraluminal pressure record at one 
point may not be the same as that in the remainder 
of the small intestine, although it is reasonable 
to suppose that it is. The system we have used 
does not yield information on gradients of pres- 
sure between two adjacent areas of the bowel. 
Since intraluminal contents move as a result of 
these gradients, such information would be valu- 
able in assessing those waves that effect propul- 
sion of contents. Ideally intraluminal pressure at 
several points should be measured and propulsion 
of contents simultaneously recorded by a separate 
means. In spite of the limitations of the method 
used in these studies, it does represent a quantita- 
tive, reliable way of recording the motor activity 
of one segment. 

Although the present data confirm the fact that 
the decrease in absorption which follows adminis- 
tration of an anticholinergic drug may be in part 
related to diminished motor activity | particularly 
propulsive activity (3)], a finding of similarly 
reduced transport of sodium ions after sodium 


was mechanically spread over 3 feet of jejunal 


surface suggests that other factors must be con- 
sidered. It is known that anticholinergics alter 
secretion into the intestine (19). Atropine has 
been shown to decrease mean central venous pres- 
sure and alter cardiac output (20). It is possible, 
therefore, that intestinal blood flow is altered 
by atropine or synthetic parasympathomimetic 
drugs. Although evidence is lacking, another pos- 
sibility is that anticholinergics may influence the 
metabolic activity of the intestinal mucosa which 
has been demonstrated to cause active sodium and 
chloride transport (21, 22). The effect of pro- 
pantheline on the hepatic clearance of sodium is 
an additional unknown consideration which may be 
significant. 


= 
| 
| 
| 
| 
| 
| 
Bure. | 
| 
| 
pees 
| 
ras 
| 
ar | 


IIT, Effect of mercaptomerin on sodium absorption 


The present studies indicate that a parenteral 
organomercurial compound, mercaptomerin, does 
not appreciably affect the unidirectional transport 
of sodium** ions during a period when a definite 
renal effect is manifest. This would suggest that 
the jejunal and ileal mucosa in man does not re- 
spond similarly to the renal tubules after a mer- 
curial diuretic. This is in contrast to previous 
findings of decreased absorption of sodium (6, 7) 
and chloride (7) after mixing the saline with mer- 
alluride (Mercuhydrin). The difference in results 
between these experiments may be a function of 
the effective concentration of the mercurial at the 
mucosa. Blickenstaff (7) administered 2 ml of 
meralluride with the NaCl into a jejunal ring 
fistula in dogs. The resultant concentration of the 
mercurial compound at the mucosa was probably 
very greatly in excess of that achieved by paren- 
teral administration of the same dose of mercap- 
tomerin in man. Few data exist on the concentra- 
tion of mercury in the intestine after parenteral 
organomercurial administration, and what infor- 
mation does exist is principally derived from ani- 
mal studies. In the rat and dog, variable amounts 
of radioactivity were found in the gut wall after 
parenteral administration of Hg?°*-labeled chloro- 
merodin [Neohydrin (23)]. In these experi- 
ments, however, the intestine accounted for a very 
small fraction of the radioactivity found in the 
kidney. In one patient with advanced renal dis- 
ease, autopsied 24 hours after administration of 
Hg?*’-labeled mercaptomerin, appreciable radio- 
activity was present in the colon (24), but the 
small intestine was not studied. 

The probable low concentration of a mercurial 
agent in the small intestinal mucosa of man would 
raise the question as to whether the failure to in- 
hibit sodium** absorption in these experiments is 
due, not to differences in the mechanism of sodium 
transport between intestine and renal tubules but, 
simply, to the concentration of the mercurial agent 
in the mucosa, 

The possibility exists that a parenteral mercurial 
might affect intestinal mucosal transport of Na* 
or Cl ions at a time other than that chosen in 
these experiments. It seemed reasonable, how- 
ever, to use the response of the kidney as an indi- 
cation of mercurial action. 


EFFECT OF INTESTINAL MOTILITY AND MERCAPTOMERIN ON SODIUM 


ABSORPTION 


SUMMARY 


1, The quantitative characteristics of normal so- 
dium absorption, i.e., unidirectional transfer of 
sodium ions from lumen to blood, have been stud- 
ied by integrating the arterial appearance of so- 
dium** after jejunal administration with the ar- 
terial disappearance of sodium** following intra- 
venous administration. In 22 control tests a 
mean of 62 per cent of the administered dose was 
absorbed in 5 minutes; a mean of 93 per cent was 
absorbed in 12 minutes. Arterial concentration 
curves of sodium* during the first 8 minutes were 
closely correlated with calculated absorption 
curves during this period. 

2. When calculated in terms of amount of so- 
dium** remaining in the intestinal lumen, transfer 
of sodium** to arterial blood proceeded at an ex- 
ponential rate. 

3. In nine patients, repeat control tests of in- 
testinal absorption of sodium** under identical 
conditions indicated a high degree of reproduci- 
bility. The technique of using a patient as his 
own control has been useful in the present studies 
on the effect of motility and organomercurial ad- 
ministration upon the transport of sodium from 
the intestinal lumen to arterial blood. 

4. Intestinal motility as reflected by jejunal 
intraluminal pressure was simultaneously recorded 
in 15 control tests of sodium** absorption. There 
was some correlation between the amount absorbed 
and the amount of motor activity present. How- 
ever, normal absorption occurred in several pa- 
tients at a time when little motor activity was 
present. It is concluded that intestinal motility 
as here recorded probably does not play a critical 
role in the absorption of isotopic sodium from an 
isotonic saline solution in the normal small bowel. 

5. The unidirectional transfer of sodium from in- 
testinal lumen to arterial blood was significantly 
decreased after propantheline administration in 
eight patients. This reduction in absorption was 
not prevented in six additional patients who re- 
ceived propantheline and had artificial spread of 
the sodium** over 3 feet of jejunal mucosal sur- 
face. These findings suggest that the inhibition 
of intestinal motility which occurs after an ad- 
ministration of an anticholinergic agent may not 
be primarily responsible for the decrease in ab- 
sorption. 


be 
aie 


1618 


6. The effect of an organomercurial, mercapto- 
merin, on the intestinal absorption of sodium** 
has been studied in 11 convalescent patients. No 


effect on the unidirectional transport of sodium 
from the intestinal lumen to arterial blood was 
present at a time when a mercurial effect on the 


kidney was observed. 
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ANTI-HEMOPHILIC GLOBULIN LEVELS IN CARRIERS OF 
HEMOPHILIA A * 


By SAMUEL I. RAPAPORT, MARY JANE PATCH anp FREDERICK J. MOORE 


(From the Departments of Medicine and Public Health, the University of Southern California 
School of Medicine, Los Angeles, Calif.) 


(Submitted for publication May 2, 1960; accepted June 19, 1960 


Hemophilia A (anti-hemophilic globulin defi- 
ciency) is transmitted as an incompletely recessive 
trait on the X chromosome. Therefore, the 
daughter of a hemophiliac must be a carrier. In 
contrast, the daughter of a carrier, e.g., the sister 
of a hemophiliac, is a “potential” carrier who has 
an equal chance of being either a carrier or normal. 
She doesn’t know which she is until she bears a 
hemophilic son; it requires this event to identify 
her as a known or “obligatory” carrier. 

The dilemma of the potential carrier has 
prompted many investigators to look for some 
clotting abnormality which might identify a car- 
rier. Nilsson, Blomback, Thilen and von Francken 
(1) have summarized the early studies with non- 
specific techniques. 

The first quantitative anti-hemophilic globulin 
(AHG) measurements in carriers were published 
in 1953 by Graham, McLendon and Brinkhous 
(2). They found low AHG levels in six of ten 
carriers of mild hemophilia and thought this was 
a peculiarity of the allelic mutant of the hemo- 
philic gene responsible for mild hemophilia. In ap- 
parent confirmation, Gardikas, Katsiroumbas and 
Kottas (3) reported normal AHG levels in ten 
obligatory carriers of severe hemophilia. How- 
ever, several subsequent groups of workers (4-6) 
demonstrated diminished levels of AHG in some 
carriers of both mild and severe hemophilia; and, 
recently, Nilsson and co-workers (1) reported 
that the vast majority of carriers have low levels 
of AHG. 

The present paper reports on quantitative meas- 
urements of AHG made with the Pool-Robinson 
AHG assay technique (7) in a large number of 
obligatory carriers and normal women, 


* Presented in part at the meeting of the Western So- 
ciety for Clinical Research, January, 1960, Carmel, Calif. 
Supported by a grant (A-2989) from the National In- 
stitute of Arthritis and Metabolic Diseases, Bethesda, Md. 


METHODS 


Test plasma. Blood was taken from nonfasting sub- 
jects between approximately 9 and 10 a.m. using Mono- 
cote-E (Armour and Co.) coated needles and _ silicone 
(G.E. Dri-film SC-87) coated syringes. Nine parts of 
blood were added to one part of 0.1 M sodium citrate 
anticoagulant in polyethylene tubes and centrifuged in 
the cold for 10 minutes at 10,000 rpm. The resultant 
platelet-poor plasma was stored frozen at — 20° C in 
0.7 ml filled, corked glass vials until tested in the assay 
approximately 3 hours later. 

Standard reference plasma. 
same male subject at 2-week intervals. 
prepared and stored as described above except that the 


Blood was taken from the 
The plasma was 


plasma was centrifuged a second time to insure the re- 
moval of the platelets. Although fresh reference plasma 
was used every 2 weeks, the AHG content of the stored 
plasma did not fall over a 6 week period of storage. 
The Pool-Robinson technique. 
and technique for the Pool-Robinson assay have been 
described in detail elsewhere (8). The test plasma was 
assayed at dilutions of 1, 0.5 and 0.25 per cent and the 
clotting times converted to per cent AHG from the 
standard reference plasma curve for that day. The 
mean value for the three dilutions was taken as the final 
All assays were performed with a blind tech- 


assay Our reagents 


value. 
nique. 

Thirty-five obligatory carriers and 30 normal women 
were studied. The obligatory carriers were J) daughters 
of hemophiliacs, 2) mothers of two or more hemophilic 
sons, or 3) mothers of one hemophilic son who had at 
least one other close male relative with hemophilia. The 
normal women were laboratory technicians and secretaries 
in the medical school without personal or family history 
of abnormal bleeding. 


RESULTS AND DISCUSSION 


AHG was meas- 
ured in four plasma samples taken from the sub- 


A, Precision and accuracy. 


jects in one of two ways—either as duplicate sam- 
ples (from the same venipuncture site but in sepa- 
rate syringes) on each of two successive days or 


as single samples on four successive weeks. These 
data are contained in Tables I and II; the weekly 
samples have been arranged by week of the men- 
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TABLE I 


AHG in duplicate samples on successive days 


Log per cent AHG 
Day 1 


Day 2 


Subject Sample 1 Sample 2 Sample1 Sample 2 


Carriers 


1.78 
1.78 
1.63 
1.60 
1.64 
1.88 
1.94 


1.83 
1.72 
1.51 
1.54 
1.58 
1.91 
1.85 
1.86 
1.75 
1.72 
1.67 
1.79 
1.81 
1.34 
1.77 
1.80 
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1.76 
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1.68 
1.77 
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1.32 
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strual cycle. Log per cent AHG is given and was 
used in all statistical calculations because log trans- 
formation (9) resulted in a more normal fre- 
quency distribution of the data. 

The methods of variance analysis (9) were used 
to compare error within days, error between days, 
and error due to possible variation of AHG dur- 
ing different phases of the menstrual cycle. The 
variances are given in Table III. As expected, 
the variances between individuals far exceeded 
those within or between days for the same indi- 
vidual, The variances between days are signifi- 
cantly greater than those within days (p < 0.001). 
In what part this reflects real differences in an in- 
dividual’s AHG level from day to day and in what 
part it represents technical differences in the test 
from day to day is not known. 

The variances between days and the variances 
between weeks are of the same order of magnitude. 
Weekly sampling throughout the menstrual cycle 


did not bring out differences greater than those 
encountered on successive days. Thus, AHG may 
be measured in cyclic women without concern for 
variation due to the menstrual cycle. 

As the very small variance within days indi- 
cates, duplicate determinations on the same day do 
little to increase the accuracy of AHG estimation 
Greater 
accuracy requires single determinations on a num- 


over a single determination on one day. 


ber of days. 

The accuracy with which a single determination 
on one day estimates the true level found by mak- 
ing single determinations on an indefinite number 
of days is a matter of practical importance. Fig- 
ure 1 shows the 90 per cent confidence limits at 
various AHG levels for a single determination on 
one day (outer lines) and for the mean of four 
single determinations on four days (inner lines). 
These confidence limits were calculated from our 
combined data on carriers and normals sampled on 
four successive weeks. 

The meaning of these confidence limits may be 
made more explicit with an example. If a single 
determination of AHG is 60 per cent, we may have 
90 per cent confidence that the true value that 


might be found from an indefinite number of 


CONFIDENCE LIMITS -% AHG 


VALUE OBSERVED - % AHG 


Fic. 1. Ninety PER CENT CONFIDENCE LIMITS OF A 
SINGLE DETERMINATION OF AHG (OUTER LINES) AND OF 
THE MEAN OF DETERMINATIONS OF AHG 


(INNER LINES). 
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Subject Days 1-7 


Carriers 


1.42 
SS. 1.58 
M.-F. 1.72 
BLL. 1.79 
LE. 1.74 
LH. 1.71 
OS. 1.97 
ES. 1.99 
1.74 
rp 1.84 


Normals 


S.A; 1.94 
L.B. 2.00 
2.01 
PAO. 1.83 
R.1 1.90 
R.G 2.04 
PS 1.93 
B:D: 2.05 
2.04 
H.B. 1.86 
2.05 
2.07 
M.]J 2:16 

1.99 


Subject Variation 


Normals Between 
individuals 
Within days 
Between days 
Total 
Carriers Between 
individuals 
Within days 
Between days 
Total 


Normals Between 
individuals 
Between weeks 
Total 


Carriers Between 
individuals 
Between weeks 
Total 


tests over a four week period would have an aver- 
age value that fell between 48 and 75 per cent 
AHG. If four single determinations give a mean 
value of 60 per cent AHG, the 90 per cent con- 


TABLE Il 
AHG in single samples on successive weeks 


TABLE III 
Summary of variance analysis of data in Tables I and II 


ANTI-HEMOPHILIC GLOBULIN LEVELS IN CARRIERS OF HEMOPHILIA A 


Log per cent AHG 


subjects. 


Menstrual cycle 
Days 8-14 Days 15-21 


fidence limits narrow to between 54 and 67 per . 
cent AHG. 

B. Levels of AHG in carriers and in normal 
AHG levels for 35 carriers and 30 


Duplicate samples on successive ays 


Sum of squares 


0.5412 


0.0199 
0.0532 
0.6143 


1.3534 
0.0243 


0.0787 
1.4564 


Single samples on four successive weeks 


0.3727 


0.1281 
0.5008 


0.7977 


0.1023 
0.9000 


Degrees of 
freedom 


Days 22-28 


1.46 
1.54 
1.63 
1.80 
1.76 
1.95 
2.04 
1.89 
1.81 
1.77 


2.00 
2.06 
2.18 
1.93 
1.91 
2.04 
1.95 
2.12 
2.16 
1.97 
2.06 
2.01 
2.06 
1.89 


Variance 


0.0451 


0.0007 
0.0041 
0.0117 


0.0902 


0.0007 
0.0049 
0.0231 


0.0287 


0.0030 
0.0091 


0.0887 


0.0034 
0.0231 
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CARRIERS NORMALS 


20 
AGE in YEARS 


IN NORMAL 
The ver- 


Fic. 2,5 AHG LEVELS IN CARRIERS AND 
SUBJECTS PLOTTED ACCORDING TO AGE IN YEARS. 
tical dotted lines are at age 45 years. 
normal women are plotted by age in Figure 2. 
Except for three subjects from whom only three 
samples could be obtained, each dot represents the 
mean of four determinations made from samples 
taken by either method described above. 

AHG levels in normal women varied between 
52 and 133 per cent; only 2 of the 30 normal 
women had AHG levels below 60 per cent of our 
The 


ana 


reference plasma. carrier range was much 
wider, between 22 Although 


approximately one-half of the carriers had AHG 


135 per cent. 


levels below 60 per cent, many others had levels 
AHG did not in- 
crease with age in the carrier population; we 


well within the normal range. 


could not confirm Nilsson and associates’ finding 
(1) of higher AHG levels in carriers over the age 
of 45 years. 

In Figure 3 the values for each group, expressed 
as log per cent AHG, have been plotted on prob- 
ability paper against accumulated frequency ex- 
pressed in per cent. The reasonable linearity of 
both plots is consistent with sampling from homo- 
genous populations. 
values indicates that many factors in addition to 
the single gene controlling hemophilia must in- 
fluence the AHG level in both carriers and nor- 
mals. Our data do not identify such factors but 
do exclude age and menstrual cycle. 

It can be seen from Figure 3 that 20 carriers per 
1,000 may be expected to have AHG levels below 
about 25 to 30 per cent of normal. This is low 


enough to predispose to abnormal bleeding. Stud- 


The wide range of AHG 


ies of heterozygous carriers with clinically signifi- 
cant bleeding episodes have been published by 
Douglas and Cook (10), and by McGovern and 
Steinberg (11). 

The carrier in our series with 22 per cent AHG 
had bled on the tenth day after tonsillectomy, for 
three days after one tooth extraction, and for seven 
days after another. She had developed massive 
ecchymoses following a minor injury to her leg. 
Her well documented family history of hemophilia, 
which followed a sex-linked recessive pattern over 
several generations, coupled with her normal 
bleeding time leaves little doubt that she represents 
another example of significant bleeding in a 
heterozygous carrier and not of vascular hemo- 
philia. 

This carrier comes from a kindred with mild 
hemophilia (AHG levels of 15 to 20 per cent in 
affected males). It is of interest that the carriers 
described by Douglas and Cook (10) came from 
a family with mild hemophilia. This may also be 
true of the patient described by McGovern and 
Steinberg (11). Therefore, although it is well 
established that low AHG levels may be found in 
carriers of either mild or severe hemophilia, the 
question arises as to whether or not there is a 
rare form of carrier population with excessively 
low AHG levels and clinically significant bleeding 
episodes in kindreds with mild hemophilia. If 
our carrier were removed from our series on these 


CARRIERS 


NORMALS 
K = 92% 


FREQUENCY -% 
N 


ACCUMULATED 


% AHG 


Fic. 3. ACCUMULATED FREQUENCY IN PER CENT PLOTTED 
ON PROBABILITY PAPER (9) AGAINST OBSERVED VALUE OF 
AHG InN PER CENT (LOGARITHMIC SCALE). The carriers 
are identified by circles, the normal subjects by squares. 
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grounds, then the mean shown in Figure 3 would 
remain essentially unchanged, but the variances of 
the carrier and normal groups would become more 
nearly equal. This would alter slightly the data 
shown in Figures 4 and 5 (see below). However, 
in view of the scantiness at present of the evidence 
for a separate carrier population, we have con- 
sidered her as an ordinary carrier in our statistical 
calculations. 

Seven of our carriers had AHG levels between 
30 and 40 per cent. None had bled abnormally 
despite the fact that all had had teeth extracted 
and many had been through major surgery. This 
is indirect evidence that AHG levels above 30 
per cent are usually adequate for hemostasis. 

C. Recognition of the carrier by AHG assay. 
Since the daughter of a carrier has an equal 
chance of being either normal or a carrier, the 
accumulated frequencies shown in Figure 3 may 
be used to calculate her chances of being a true 
carrier at or below any observed AHG level. 
This is shown in Figure 4. Although each labora- 
tory uses a different 100 per cent reference plasma, 
the value for the mean of a normal population will 
probably be found within the limits of 90 to 110 
per cent of the particular reference plasma, re- 
Linear interpolation between these 
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curves is probably adequate for practical purposes. 
Therefore, once the normal mean for a reference 
plasma has been established, Figure 4 may be 
used to estimate the probability that a potential 
carrier may be a true carrier at or below any ob- 
served per cent AHG of that reference plasma. 

The mean of our carrier series was 58 per cent 
AHG. Figure 4 shows that 95 of 100 potential 
carriers with an AHG level equal to or below 58 
per cent of our reference standard will be true 
carriers. Approximately three-fourths of our car- 
riers had AHG levels below 70 per cent. From 
line A of Figure 4 we see that a potential carrier 
with an AHG level at or below 70 per cent of our 
reference standard has better than four chances 
out of five of being a true carrier. Thus, it would 
appear that AHG assay by the thromboplastin 
generation technique enables one to recognize 
with reasonable accuracy about 75 per cent of the 
true carriers in a potential carrier population. 

In a similar fashion it is possible to estimate 
the probabilities that a potential carrier may be 
normal when her AHG level equals or exceeds 
any observed value. This is shown in Figure 5. 

As seen from line A of Figure 5, a potential 
carrier with an AHG level at or above 80 per cent 
of our reference standard has four chances out of 
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10 


AHG % 


Values are plotted 


for reference plasma which gives a mean for a normal population of 90, 100 and 


110 per cent, respectively. 


five of being normal. More than two-thirds of the 
normal members of a potential carrier population 
would fall into this group. The chances of being 
normal do not increase significantly at or above 
higher observed AHG values due to the differ- 
ence in the slope of the two lines in Figure 3. 
Thus, a potential carrier with a high normal AHG 
level still retains one chance in five of being a true 
carrier. 

Our data confirm and extend the observations 
made with thromboplastin generation techniques 
of AHG assay in groups of carriers by Pitney and 
Arnold (6) and by Nilsson and co-workers (1). 
The latter group also measured AHG in their car- 
riers by a second technique, based upon the cor- 
rection of the prolonged recalcification time of 
hemophilic plasma, which resulted in a clearer 
separation of carriers from normals. 

Review of their data discloses 7) that both tech- 
niques yielded the same mean and ‘vide range of 
AHG levels in normal subjects, and 2) that, al- 
though the majority of carriers had lower values 
with the recalcification technique, occasional car- 
riers had lower values with the thromboplastin 
generation technique. These observations raise 
the possibility that the seemingly more distinct 
separation by the recalcification time technique 
may be due to the measurement of a second vari- 


able which helps to distinguish carriers from nor- 
mals. Otherwise, one must postulate that throm- 
boplastin generation techniques of AHG assay 
give falsely high values in carriers but not in nor- 
mal subjects. A comparison of these two meth- 
ods of AHG assay in a variety of conditions in 
which AHG levels vary appears necessary before 
this question can be resolved. 


SUMMARY 


1, Plasma AHG levels were measured in ob- 
ligatory carriers of hemophilia A and in normal 
women by the Pool-Robinson assay technique. 
Four samples were taken by methods which per- 
mitted the evaluation of error between duplicates 
on the same day, between single determinations on 
successive days, and between single determinations 
on successive weeks. AHG levels did not vary 
with the phase of the menstrual cycle. 

2. The normal women had a mean AHG value 
of 92 per cent of our reference plasma (range 52 
to 133 per cent). The carriers had a mean AHG 
value of 58 per cent (range 22 to 135 per cent). 
Both sets of data appeared to be normally distrib- 
uted when log per cent AHG was plotted on prob- 
ability paper. 

3. One carrier with 22 per cent AHG had ex- 
perienced clinically significant bleeding. Seven 
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carriers with AHG levels between 30 and 40 per 
cent had not bled abnormally. The distribution 
of AHG values in our carrier series suggests that 
AHG levels low enough to predispose to bleeding, 
i.e., below 30 per cent should occur in about 20 
carriers per 1,000. 

4. Probability calculations indicate that this 
AHG assay will detect with reasonable accuracy 
(four chances out of five) about 75 per cent of the 
true carriers in a potential carrier population and 
about 66 per cent of the normal members in a po- 
tential carrier population. However, a potential 
carrier with even a very high AHG level still re- 
tains one chance in five of being a true carrier. 
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The nature of the pulmonary capillary blood 
flow is fundamental for the understanding both of 
pulmonary hemodynamics and of respiratory gas 
exchange. Direct examinations of the surface of 
the lung in the cat, rabbit, dog and rat (1-5) have 
indicated that pulmonary capillary blood flow is 
basically non-pulsatile. On the other hand, ex- 
perimental studies by Lee and DuBois (6), using 
the body plethysmograph in man, have suggested 
that pulmonary capillary blood flow is consistently 
pulsatile. Their experimental evidence consisted 
of a rhythmic distortion of the record, synchronous 
with the heart beat, obtained during breathholding 
with open glottis, after a single inspiration of 
nitrous oxide. 

However, since the first experiences with the 
pneumotachograph, it has been recognized that 
cardiovascular rhythmic 
changes of pressure in the conducting airways of 
the lungs. These rhythmic changes in intrapul- 
monary pressure are detected by the pneumo- 
tachograph through the changes in the rate of air 
flow which they produce. This phenomenon, il- 
lustrated in the pneumotachographic record of Fig- 
ure 1, was recognized by Lilly (7) and designated 
by him as “cardiac air pulse.” Subsequently, 
Bartlett, Brubach and Specht (8) found that 
rhythmic changes in the pneumotachographic rec- 
ord could be correlated with the pulsations ob- 


pulsations produce 


served in the plethysmographic pressure record ob- 
tained during breathholding after an inhalation of 
ambient air. 


* This investigation was supported in part by a re- 
search grant [Public Health Service Grant H-2299 (C3) ] 
from the National Heart Institute, Bethesda, Md., with 
additional support from the American Heart Association 
and the New York Heart Association. 

+ Fellow of the W. K. Kellogg Foundation and of the 
American College of Physicians. On leave from Facul- 
dade de Medicina de Porto Alegre, Universidade do Rio 
Grande do Sul, Brazil. 


In their original studies on the rate of pulmo- 
nary capillary blood flow by the plethysmographic 
method, Lee and DuBois (6) referred to “‘me- 
chanical gas compression with the heart beat” to 
account for oscillations in the plethysmographic 
pressure record after a breath of ambient air. 
However, they invoked a completely different me- 
chanism, i.e., the pulsatile uptake of nitrous oxide 
by blood perfusing the pulmonary capillaries, to 
account for similar, but larger, oscillations after a 
breath of nitrous oxide. 

The present study was designed to distinguish 
between the role of pulsatile pulmonary capillary 
flow and the pulsations of the heart and great ves- 
sels in the genesis of the rhythmic distortions of 
the plethysmographic record. 


SUBJECTS AND METHOD 


Twenty-two tests were performed on 6 normal subjects. 
For each test, the subject was seated in an aluminum 
body plethysmograph which also contained a bag of the 
test gas. The gas in the bag was either 80 per cent ni- 
trous oxide in oxygen, air, 100 per cent helium, or 100 per 
cent sulphur hexafluoride. Each subject inspired maxi- 


ECG 


Fic. 1. PNeumMotTacHoGcrAPHic (PNT) AND ELECTRO- 
CARDIOGRAPHIC (ECG) TRACINGS OBTAINED FROM A NOR- 
MAL SUBJECT DURING BREATHHOLDING WITH THE GLOTTIS 
OPEN, AFTER A BREATH OF AMBIENT AIR. Rhythmic pulsa- 
tions, related to the heart beat, are seen in the pneumo- 
tachographic record. The upward deflections of the 
pneumotachographic record represent expiratory flow. 
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mally from the bag after a maximum expiration and held 
his breath with mouth and glottis open for the next 20 to 
30 seconds. In some instances the breathholding was also 
performed after a slight expiration following the maxi- 
mal inspiration. During breathholding, the pressure in 
the plethysmograph and the electrocardiogram were re- 
corded. The pressure was measured by an electronic sys- 
tem consisting of a Statham transducer (PL5TC-0.2-350), 
a SG-A-6 amplifier and an Electronics for Medicine os- 
cilloscopic recording apparatus. The sensitivity of the 
system was such that the introduction of 100 ml of air 
into the plethysmograph produced a deflection of 25 mm 
in the record. 

Each of the 6 subjects underwent at least three succes- 
sive periods of breathholding using nitrous oxide, air and 
helium as test gases; 2 of the 6 underwent an additional 
period with sulphur hexafluoride as the inspired gas. 
Each subject performed this sequence 2 to 6. times. 
Each time the order of exposure to the different test 
gases was varied. 

In order to relate the pneumotachographic pulsations 
to changes in intra-airway pressure, the closed system 
illustrated in Figure 2 was used. The system consisted 
of a 0.5 L bottle, a pneumotachograph and a rubber mouth- 
piece connected in series. The test gas was contained 
in a rubber bag which communicated with the mouth- 
piece through a two-way valve. By introducing a Sta- 
tham transducer (P23-2D-250) it was possible to meas- 
ure simultaneously the instantaneous variations in pres- 
sure and flow in this system and to record them with the 
electrocardiogram. The same respiratory maneuvers 
which were performed in the body plethysmograph were 
repeated using this system. The use of a bottle to re- 
cord airway pressures had two advantages over the 
plethysmograph: 1) the pressure variations were ampli- 
fied considerably, and 2) the effects of a change in body 
position on the contour of the pulsations could be 
assessed. 
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lic. 2. SysTEM USED FOR THE DETAILED ANALYSIS OF 
THE RELATIONSHIP BETWEEN THE CHANGES IN PRESSURE 
IMPOSED ON THE CONDUCTING AIRWAYS BY THE CARDIO- 
VASCULAR PULSATIONS AND THE PULSATIONS SEEN IN THE 
PNEUMOTACHOGRAPHIC RECORD. The records obtained 
using this system are illustrated in Figure 7. 


PULMONARY CAPILLARY PULSATILITY 


RESULTS 


Figures 3, 4, 5 and 6 are records obtained dur- 
ing studies with the body plethysmograph. A 
typical tracing following a single breath of nitrous 
oxide appears as the left upper panel of Figure 3. 
This figure shows the electrocardiogram and the 
record of the changes of pressure with time during 
breathholding. It may be seen that: 7) pressure 
within the plethysmograph falls gradually during 
breathholding ; 2) the gradual decline in pressure 
is rhythmically deformed by upward displacements 
of the baseline ; 3) the oscillations are synchronous 
with the heart beats ; and 4) each deflection reaches 
its peak approximately 0.2 of a second after the 
Rk wave of the electrocardiogram. The three 
other panels of this figure indicate that the rhyth- 
mic oscillations persist when air or even non- 
absorbable gases are substituted for nitrous oxide. 
The different slopes with the different test gases 
are attributable to : 7) the absorption of test gases 
such as nitrous oxide, by blood perfusing the pul- 
monary capillaries, 2) the progressive warming of 
the plethysmograph by the patient, and 3) the 
respiratory exchange ratio of the subject. 

Similar tracings for three other subjects appear 
in Figure 4. This figure illustrates slight varia- 
tions in the amplitude of the pulsations from sub- 
ject to subject, and from gas to gas; for example, 
in Subjects E.B. and M.R. large oscillations oc- 
curred with all three gases; in the other subject, 
R.M., the oscillations were larger with nitrous 
oxide. 

Figure 5 allows a closer examination of individ- 
ual pulsations after a breath of nitrous oxide and of 
their relationships to the gradual decline in pres- 
sure. This figure shows that: 7) the pressure falls 
in a straight line rather than in a stepwise manner, 
and 2) the deflections are positive. 

Figure 6 illustrates the effect of reversing the 
slope of the pressure curve on the nature of the 
deflections. The slope was reversed by a continu- 
ous inflow of oxygen into the plethysmograph af- 
ter the subject had taken the breath of nitrous 
oxide. This device, which was used to remove 
the uncertainty of recognizing upward deflections 
from a falling baseline, emphasizes the positive 
nature of the deflections. 

Except for minor variations, tracings identical 
to those of Figures 3, 4 and 5 were obtained from 
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3. PLETHYSMOGRAPHIC PRESSURE RECORD (Ppi) AND ELECTROCARDIO- 
GRAM (ECG) OBTAINED FROM A NORMAL SUBJECT USING DIFFERENT TEST 
GASES. The gases were nitrous oxide (N.O), helium (He), ambient air 
(air) and sulphur hexafluoride (SF). Similar types of rhythmic distor- 
tions of the pressure record are seen with all the test gases. The interval 
between the vertical time lines is 1 second. The vertical distance between 
brackets equals the deflection produced in the pressure record by the intro- 
duction of 100 ml] of air into the body plethysmograph. The upward de- 
flections of the pressure record represent an increase in pressure in the body 
plethysmograph. 
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Fic. 4. PLETHYSMOGRAPHIC PRESSURE KECOKDS AND ELECTROCARDIO- 
GRAM (ECG) oF THREE NORMAL surjJECTS. This figure illustrates the slight 
variations which are encountered in records from normal subjects using 
the different test gases. The time lines and the vertical distance between 
brackets are the same as those in Figure 3. 
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Fic. 5. PLETHYSMOGRAPHIC PRESSURE RECORD (Pp1) 
AND ELECTROCARDIOGRAM (ECG) FROM A NORMAL SUBJECT 
AFTER A BREATH OF NITROUS OXIDE. The slope of the 
pressure record follows a straight line which is periodi- 
cally interrupted by upward displacements of the base- 
line synchronous with the heart beat. The time lines 
are the same as those in Figure 3. A vertical distance of 
15 mm corresponds to the deflection produced in the pres- 
sure record by the introduction of 100 ml of air into the 
body plethysmograph. 
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all subjects. The patterns were not altered ap- 
preciably by the level of the inspiratory capacity 
at which breathholding was performed. As a rule, 
slight variations in amplitude occurred during suc- 
cessive exposures of a subject to the same test 
gas. Moreover, in five of the six subjects, the 
size of the pulsations with the different test gases 
varied unpredictably ; only in Subject R.M. (Fig- 
ure 3) were larger pulsations observed consistently 
No 


correlation could be made between the density of 


with nitrous oxide than with air or helium. 


the gas inspired and the contour of the plethysmo- 
graphic pressure record. 

An attempt was made to assess the effects of 
closing the mouth and nose (and glottis) on the 
pressure record. Both air and nitrous oxide were 
used as test gases. This maneuver was found to 
have no effect on the slope of the pressure curve 
but did diminish the amplitude of the pulsations. 

Figure 7 illustrates the results obtained by the 
system of Figure 2. It can be seen that the rhyth- 
mic distortions in the pneumotachographic records 
are synchronous with those in airway pressure. 


Pec 


Fic. 6. 


PLETHYSMOGRAPHIC PRESSURE RECORDS (Ppr,) AND ELECTROCARDIO- 


GRAMS (ECG) FROM A NORMAL SUBJECT AFTER A BREATH OF NITROUS OXIDE. 


The upper half of the figure shows the usual plethysmographic record. 


The 


lower half shows a plethysmographic record the slope of which was artificially 


reversed to emphasize the positive nature of the deflections. 
and the vertical distance between brackets are the same as those in Figure 3. 
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Fic. 7. PNEUMOTACHOGRAPHIC 


(PNT), 
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| 
ELECTRO- 


PRESSURE (P) AND 


CARDIOGRAPHIC (ECG) TRACINGS OBTAINED FROM A NORMAL SUBJECT, DURING 
BREATHHOLDING, USING THE SYSTEM ILLUSTRATED IN FiGure 2. The test 
gases included nitrous oxide (NO), ambient air (air), helium (He) and 
sulphur hexafluoride (SF,). Each record illustrates the interdependence of 
the pneumotachographic and the pressure pulsations and the electrical events 
of the cardiac cycle. There is a delay of 0.02 of a second between the de- 
flections in the pneumotachographic record and the corresponding deflections 
in the pressure tracing. This delay arises from the different locations of the 
pneumotachograph and the pressure gage in the lung-bottle system (see 
Figure 2). Time interval between the vertical time lines is 1 second. The 
vertical distance between brackets equals the deflection produced in the pres- 


sure record by the introduction of 50 ml of air into the system. 
deflections of the pneumotachographic record represent expiratory flow. 


The upward 
The 


upward deflections of the pressure record represent an increase in pressure 


in the system. 


Not illustrated is the fact that while changes in 
the body position of the patient do elicit changes 
in the pneumotachographic and pressure pulsa- 
tions, they do not affect their temporal relation- 
ships to the cardiac cycle as recorded by the elec- 
It should also be noted that the 
pressure tracings obtained from the lung-bottle 


trocardiogram., 


system are not influenced by the same factors 
which determine the slope of the pl) hysmographic 
pressure records, 1.e., the absorption of gas by pul- 
monary blood, changes in the temperature of the 
body plethysmograph and changes in the sub- 
In the lung- 
bottle system, changes which these factors produce 
in the volume of gas are adjusted by automatic 


ject’s respiratory exchange ratio. 


adaptations of the chest cage which the system is 
not equipped to detect. 


DISCUSSION 


The results indicate that the rhythmic oscilla- 
tions in the plethysmographic pressure record af- 
ter a single breath of nitrous oxide reflect trans- 
mission of the pulsations of the heart and great 
vessels rather than variations in the rate of ab- 
sorption of nitrous oxide by a pulsatile pulmonary 
capillary blood flow. 

This conclusion is supported by a consideration 
of the two likely mechanisms by which such oscil- 
lations could be produced : 
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PULMONARY CAPILLARY PULSATILITY 


1. If the pulsations after nitrous oxide do re- 
flect variations in the rate of nitrous oxide uptake 
by pulsatile capillary flow, the records would be 
expected to have the following characteristics: 
a) The deflections should vary according to the 
absorbability of the test gas; with nitrous oxide, 
a negative deflection should be observed every 
time a blood pulse wave reached the pulmonary 
capillary bed; conversely, with air or nonabsorb- 
able gases, deflections should be negligible or ab- 
sent. Db) The pattern of the pressure record ob- 
tained after a breath of nitrous oxide should differ 
from the pattern obtained after a breath of the 
other test gases; after nitrous oxide, the pressure 
should drop in a stepwise manner, with the fall 
accentuated every time a pulse of blood reached 
the pulmonary capillary bed; after air or the non- 
absorbable gases, the pressure should follow an 
essentially straight line. As illustrated in Figures 
3, 4, 5 and 6, none of these predictions was fulfilled. 

2. On the other hand, if the pulsations arise from 
the impacts of the heart and great vessels, they 
should: a) occur with all test gases, and b) be 
That these 
conditions are fulfilled is indicated in Figures 3, 
4 and 5 by the similarity in tracings obtained with 
the different test gases and by the relationships of 
the deflections to cardiac systole, i.e., their occur- 
rence during the period of ventricular ejection 
(9). 

Accepting the origin of the plethysmographic 
pressure pulsations in cardiovascular impacts, the 
prospect arises that variations in the amplitude of 
the pulsations during successive tests may result 
from either variation in the stroke volume of the 
heart or in different degrees of opening of the 
glottis; on the other hand, slight changes in pat- 
tern of the plethysmographic pulsations may arise 
from slight shifts in the position of the patient. 

The data obtained in this study indicate that 
the pulsations in the plethysmographic record 
share a common origin with those in the pneumo- 
tachographic record. In both instances, the pul- 
sations seem to arise from changes in pressure in 
the conducting airways produced by the mechani- 
cal events associated with cardiac systole.t As ex- 


synchronous with cardiac systole. 


1In spite of the convincing evidence that the cardio- 
vascular pulsations produce rhythmic changes in pres- 
sure in the body plethysmograph, the mechanism by which 
such changes are produced is not completely understood. 
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pected, the contour of the pulsations is somewhat 
different in the two types of records on at least 
two accounts: 7) the plethysmograph measures 
changes in pressure directly, whereas the pneumo- 
tachograph measures such changes indirectly by 
the changes in flow which they produce; and 2) 
the amplitude of the pulsations in the pneumo- 
tachographic record varies with the rate of change 
in pressure, whereas their amplitude in the plethys- 
mographic record depends solely on the magnitude 
of the change. 

It must be emphasized that the results reported 
in this paper do not pertain to the method proposed 
by Lee and DuBois for the measurement of the 
mean pulmonary capillary blood flow, i.e., the 
cardiac output (6). This measurement depends 
on the mean slope of the plethysmographic pres- 
sure record and is independent of any peculiarities 
in the contour of this record. On the other hand, 
their calculated values for the rate of ‘‘instantane- 
ous” pulmonary capillary blood flow are certainly 
open to question since such calculations depend 
on the concept that the pulsations in the plethys- 
mographic pressure record reflect a pulsatile up- 
take of nitrous oxide. This premise is not sup- 
ported by the results of the present study. 

In conclusion, the present study indicates that 
Since blood and tissues are incompressible, their simple 
displacement by the mechanical effects of cardiac systole 
would not give rise to changes in pressure in the plethys- 
mograph. The data obtained in this study are con- 
sistent with the view that the systolic impacts affect the 
plethysmograph by way of the conducting airways either 
directly, by displacing pulses of air into and from the 
plethysmograph (when the mouth and glottis are open), 
or indirectly through rhythmic displacements of the chest 
wall. 

Several different factors, operating singly or together, 
may be involved in the production of changes in pres- 
sure in the conducting airways during cardiac systole. 
These include: 1) the different elastic properties of the 
body structures and of the air affected by the impacts, 
2) the resistance of the airways to the displacement of 
the air mobilized by these impacts, and 3) the momentary 
imbalance between the thoracic inflow and outflow of blood 
during cardiac systole. 

Bartlett and co-workers (8) have proposed that the 
momentary imbalance between thoracic inflow and outflow 
of blood, in conjunction with the peripheral arterial pul- 
sations produced by the displaced blood, is responsible 
for the rhythmic changes in the plethysmographic pres- 
sure. 

The present study does not permit distinction between 
the relative roles of these different factors. 
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the pulsations seen in the plethysmographic pres- 
sure record after a breath of nitrous oxide are dne 
to mechanical transmission of the pulsations of 
the heart and great vessels and cannot be used as 
evidence for a pulsatile pulmonary capillary blood 
flow. 
SUMMARY 


1. The nature of the pulmonary capillary flow 
in man has been investigated using the body 
plethysmograph and various test gases. 

2. Rhythmic oscillations in the plethysmographic 
record during breathholding with glottis open 
were shown to be synchronous in time with the 
cardiac cycle and to occur regardless of the den- 
sity of the gas or its solubility in blood. 

3. The rhythmic oscillations in the plethysmo- 
graphic record were also shown to be synchronous 
with those in the pneumotachographic record. 

4. Evidence is presented to indicate that both 
the plethysmographic and pneumotachographic 
records have a common origin in the mechanical 
events of thé cardiac cycle rather than in the up- 
take of the test gas by pulsatile pulmonary capil- 
lary flow, 

5. The conclusion is reached that the pulsations 


in the plethysmographic record cannot be used as 
evidence that pulmonary capillary flow is pulsatile. 
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THE CONCENTRATIONS OF CYSTEINE AND CYSTINE IN 
HUMAN BLOOD PLASMA 
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Studies on the amino acid content of physiologi- 
cal fluids have usually been carried out under con- 
ditions that would permit any cysteine present to 
be oxidized to cystine prior to analysis. Conse- 
quently, little quantitative information has been 
obtained concerning the relative amounts of the 
—SH and the —S—S— forms of the amino acid 
in plasma. To know whether both forms are pres- 
ent is of particular importance in the study of ex- 
cretion of amino acids by the kidney. Cystine is 
an amino acid which appears in abnormal quanti- 
ties in the urine in several pathological conditions 
(1). 
been invoked to explain this fact (2), an explana- 
tion which tacitly assumes that it is cystine (the 
—S—-S— form) not cysteine (the —SH form) 
that is circulating in the blood and is cleared by the 
kidney. If cysteine were to be the predominant 
form normally circulating, oxidation to cystine in 
the kidney would be required in order to account 
for the excretion of the disulfide in the urine. 

Fujita and Numata (3) and Smith and Tuller 
(4) have reported the presence of cysteine in 
blood. Another observation which could bear on 
the subject is that of Brand, Cahill and Harris (5) 
who showed that the amount of cystine in the urine 
of a cystinuric subject rose after feeding cysteine 
and methionine, but not after the ingestion of 
cystine, the sulfur of which appeared almost ex- 


Failure of tubular reabsorption has usually 


clusively as urinary sulfate. 

With these thoughts in view, a method has been 
developed to determine cysteine and cystine indi- 
vidually in the same sample of plasma. The 
method is based upon the fact that iodoacetate re- 
acts rapidly with cysteine to convert it quantita- 
tively to the stable S-carboxymethyl derivative, 
which can be determined chromatographically (6, 
7). Inthe system of elution described (7, 8) for 
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the analysis of physiological fluids with ion ex- 
change columns, the compound emerges between 
urea and aspartic acid, in a position on the efflu- 
ent curve not occupied by any other ninhydrin- 
positive substance normally found in blood plasma. 
Cystine is unaffected by iodoacetate and hence ap- 
pears at its usual position, after valine. An efflu- 
ent curve obtained by automatic recording equip- 
ment from a sample of plasma treated with iodo- 
acetate is shown in Figure 1. In a small series 
of experiments, the same analytical procedure has 
also been found to be fairly satisfactory for the 
estimation of the amounts of cystine and cysteine in 
freshly voided urine. 


METILODS 


Subjects. The normal subjects (I-IV) white 
healthy males ranging from the early thirties to the late 
forties in age. Subject V was a 19 year old Negro male 
who had been hospitalized for a minor stab wound of the 
chest about 4 days previously. The cystinuric subject 
(W.E.) was healthy but had suffered periodically from 
cystine stones which had been removed surgically on 
The two subjects with Fanconi syn- 


MATERIALS AND 


were 


several occasions. 
drome (cystine storage disease) were brothers aged 4 
years (D.M.; weight 36 pounds) and 7 years (S.M.; 
weight 47 pounds). They presented all the findings typi- 
cal of the disease [cf. Bickel, Smallwood, Smellie and 
Hickmans (9)], including small stature, bone changes 
due to rickets, cystine storage manifested by cystine crys- 
tals in the cornea, and amino aciduria. They also showed 
kidney damage. The younger had a blood urea nitrogen 
of 32 mg per 100 ml and a maximal urea clearance of 
33.7 to 34.9. The corresponding values for the older 
brother were 79 mg per 100 ml and 7.7 to 8.7. 

Samples. Somewhat more than 10 ml of blood from 
the antecubital vein was drawn into a dry syringe through 
a no. 19 gage needle. All subjects had fasted overnight. 
The blood was immediately ejected through the needle 
into a 10 ml volumetric flask that contained 100 mg of 
iodoacetic acid (Matheson, Coleman and Bell, East 
Rutherford, N. J.), 42 mg of NaHCO,, and 20 mg of 
disodium ethylenediaminetetraacetate (EDTA), all dis- 
solved in 1 ml of 0.1 M phosphate buffer at pH 6.8. The 
flask was filled to the mark with blood, and the remainder 
was placed in a heparinized tube for the determination 
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CHROMATOGRAPHIC DETERMINATION OF S-CARBOXYMETHYLCYSTEINE AND CYSTINE IN IO0DOACETATE-TREATED 


The sample on the ion exchange column corresponded to 1.4 ml of normal fasting plasma. 


The re- 


Fic. 1. 
NORMAL BLOOD PLASMA. 
The effluent was analyzed with automatic recording equipment (7) for the acidic and neutral amino acids. 
sults of the analysis are tabulated in Table I (Subject 1). 


of the hematocrit. If a larger or a smaller amount of For the analysis of urine, an aliquot of a freshly voided 


blood was used, the amounts of all of the other con- 
stituents were adjusted proportionately. The plasma was 
separated by centrifugation (during which time the reac- 
tion of cysteine and iodoacetate proceeds to completion), 
deproteinized with picric acid, and freed of picric acid 
by the use of a bed of Dowex 1-X8, as described previ- 
ously (10), except that the step wherein cysteine was 
oxidized to cystine was not required. The sample was 
concentrated almost to dryness on a rotary evaporator 
and washed into a 5 ml volumetric flask with buffer at 
pH 2.2 (7). The aliquot taken for each chromatographic 
analysis was 2 ml.! Protein-free specimens were stored, 
if necessary, at — 20° C prior to analysis. 


‘The peaks from both S-carboxymethylcysteine and 
cystine are relatively small, and the steady baseline ob- 
tained with the automatic recording equipment facilitates 
the analysis. It would be more difficult to determine the 
two compounds by the manual method (8), and with 
either procedure the accuracy would be increased by us- 
ing a larger load more closely equivalent to 4 ml of blood 
plasma (11). 


sample obtained from a fasting subject was added to a 
10 ml volumetric flask containing the reagents given 
above for the treatment of blood. After 20 minutes, to 
allow the reaction of iodoacetate with cysteine to pro- 
ceed to completion, an aliquot was removed and brought 
to pH 2.2 by the addition of N HCl! (0.1 to 0.2 ml per 
ml of urine). The volume of sample chromatographed 
was determined on the basis of the specific gravity of the 
undiluted urine sample; an amount was used that cor- 
responded to about 2 ml of urine of specific gravity 1.020 
(e.g., 4 ml of urine, sp gr 1.010). Urine samples may be 
stored frozen under toluene after reaction with iodoacetate, 
although there is a loss of methionine with time. 
Chromatographic analyses. Ail analyses were per- 
formed with the aid of the automatic recording equip- 
ment described by Spackman, Stein and Moore (7). 
The 30° to 50° system recommended for the analysis of 
physiological fluids (8) was employed [cf. Moore, Spack- 
man and Stein (11)]. Under these conditions, S-carboxy- 
methylcysteine emerges at about 120 ml, or 32 ml before 


threonine. The S-carboxymethyl derivative of reduced 
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glutathione, not normally observed, emerges at about 
52 ml before threonine. 

In calculating the amino acid content of the plasma, al- 
lowance must be made for the dilution brought about by 
the reagent solution present in the volumetric flask into 
which the freshly drawn blood is introduced. For ex- 
ample, if 9 ml of whole blood is added to 1 ml of reagent 
solution (10 ml volumetric flask), and if the hematocrit 
is 45 per cent (including the buffy coat), there would be 
55 per cent of plasma, or 9 X 0.55 = 4.95 ml of the plasma 
before dilution. The total volume of diluted plasma is 
then 5.95. ml, and if 5.0 ml of diluted plasma is pipetted 
off after centrifugation of the cells, this volume would 
be the equivalent of (4.95/5.95) x 5.0=4.16 ml of true 
plasma. The subsequent calculations are the same as 
those for the usual analysis of blood plasma (10). (The 
above calculation neglects the small volume correction 
for the solid reagents added initially.) 


RESULTS 


The cystine and cysteine content of plasma. A 
typical elution curve obtained from an iodoacetate- 
treated, deproteinized sample of human blood 
plasma is shown in Figure 1. Qualitatively, the 
only significant difference between this curve and 
one obtained from plasma not treated with iodo- 


Normal - — - 
range (10) I II 


Amino acid 


Cysteine 


Cystine 0.97 0.95 
Cysteine + cystine 1.08-1.30 1.20 iso 
[Per cent of cysteine + [19] [30] 
cystine as cysteine ] 

Taurine 0.41-0.82 0.46 0.56 
Threonine 1.21-1.72 1.18 1.43 
Serine 1.01-1.25 0.69 1.34 
Proline 1.84-3.34 3.12 2.58 
Glutamic acid 0.43-1.15 0.42 0.75 
Citrulline 0.5f 0.66 0.70 
Glycine 1.34-1.73 112 1.58 
Alanine 3.01-3.73 2.38 3.87 
a-Amino-n-butyric acid 0.22-0.35 0.25 

Valine 2.37-3.71 2.46 3.18 
Methionine 0.33-0.43 0.62 0.32 
Isoleucine 0.69-1.28 0.96 0.78 
Leucine 1.42-2.30 1.78 1.64 
‘Tyrosine 0.81—1.45 1.00 1.35 
Phenylalanine 0.69-0.95 0.98 1.22 
Ornithine 0.62-0.76 

Lysine 2.51-3.02 

1-Methylhistidine 0.04-0.17 

Histidine 0.79-1.48 

3-Methylhistidine 0.04-0.13 

Arginine 1.22-1.93 


* Subjects were all in the postabsorptive state. 
+ Last portion of determination was lost. 
t Value from Archibald (14). 
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TABLE 


Free amino acids of human blood plasma * 
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acetate [(11), Figure 4] is the appearance of the 
peak at 120 ml which is attributable to S-carboxy- 
methyleysteine. (There also appears a small peak 
with maximal absorption at 440 my just after 
urea.) A cystine peak is still present, so it is clear 
that plasma contains both cystine and cysteine. 
Although iodoacetate is known to react with other 
functional groups of amino acids (12, 13), the 
alkylation of sulfhydryl groups at neutrality is by 
far the most rapid reaction, being complete in less 
than 20 minutes at pH 6 and room temperature. 
The observed cystine and cysteine contents of 
several samples of plasma are given in the top sec- 
tion of Table I. The amount of the —S—S— 
form is between 2 and 5 times that of the —SH 
form. Concentrations of the other amino acids 
are listed in the lower part of the table ; determina- 
tions of the basic amino acids were not carried out 
in every instance. The figures given for the neu- 
tral and acidic amino acids nearly all fall within 
the range of normal values determined previously 
(10), and the figures for cystine and cysteine thus 
appear to be representative for normal plasma. 


I 


Fanconi 


Subjects 
- - Cystinuric 
IIIt IV Vv D.M. S.M. W.E. 


0.45 0.31 
0.94 1.18 0.71 i5i 1.71 0.46 
139 174 O85 182 205 0.52 
[32] [31] [16] [17] [20] [11] 
0.53 0.60 1.50 0.67 0.20 
1.53 151 086 101 1.24 
0.84 1.02 0.66 082 0.75 
MK 1.82 1.69 2.14 1.66 
0.56 0.34 1.62 0.75 0.44 
0.53 0.48 1.36 1.44 0.47 
1.34 141 1.28 1.55 1.10 
2.73 243 1.70 2.23 41.58 
0.20 0.18 0.39 0.22 0.14 
3.29 224 228 1.77 1.90 
0.17 0.10 0.16 0.24 
0.78 0.92 0.66 0.58 
1.64 13 1.00 1.16 
0.96 0.77 0.26 0.77 
1.27 0.85 0.56 0.58 

0.56 0.75 

2.00 2.26 

0.03 

0.73 0.77 

0.02 

0.42 141 


All values are expressed in milligrams per 100 ml of venous plasma. 


Vig 
cha 0.23 0.40 
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TABLE If 


The cystine and cysteine content of urine * 


Normal 


Amino acid I Ill 
Cysteine 4 4 
Cystine 8 
Cysteine [as per cent [33] 

of cystine + cysteine ] 


14 
[22] 


Fanconit 
VI D.M.t 


3 4 
15 
(17] 


15 
[21] 


* Values are expressed as milligrams per liter of fasting urine. 

+ The average daily urine excretion for both subjects was about 2,000 ml. 

t The values expressed as milligrams per gram of creatinine are 39 for cysteine and 133 for cystine. 
§ The values expressed as milligrams per gram of creatinine are 17 for cysteine and 131 for cystine. 


In both of the children suffering from the Fan- 
coni syndrome, the cystine in the plasma is slightly 
elevated, but the cysteine is in the normal range. 
In the cystinuric subject, both cysteine and cystine 
are low. 

The adequacy of the iodoacetate procedure was 
checked by recovery experiments in which a known 
quantity (0.1 ml of a 1 per cent solution) of 
cysteine- HCl was added to one-half of a sample 
of whole blood prior to the iodoacetate treatment. 
Thereafter both halves were carried through the 
iodoacetate procedure and the chromatographic 
analyses in tandem. The recovery of added cys- 
teine in two such experiments was 96 per cent and 
98 per cent.” 

The amount of iodoacetic acid added in the pres- 
ent experiments is a 50-fold excess, calculated on 
the basis of the total sulfhydryl content of serum 
(predominantly —SH of serum proteins ) reported 
by Goldblum, Piper and Olsen (15). The results 
of the recovery experiments indicate that this 
amount of reagent is sufficient to cause complete 
alkylation of all of the cysteine likely to be found 
in plasma. Oxidation of some cysteine to cystine 
during the period of the reaction with iodoacetate 
is effectively prevented by the presence of EDTA. 
The chelating agent not only serves as an anti- 
: 2 The purity of the added cysteine- HCI (of known C, 
H, and N content) was checked by treating a portion of 
it with excess iodoacetate prior to chromatographic 
analysis. The cysteine‘ HCI was dissolved in 0.1 M_ phos- 
phate buffer at pH 6.8 containing 0.2 per cent EDTA to 


stabilize the solution. Upon chromatography of an ali- 


quot of the reaction mixture on a 15 cm column of Am- 
berlite IR-120 at pH 3.25, the sample used was found to 
contain 93 per cent cysteine (recoverable as carboxy- 
methylcysteine) and 7 per cent cystine. These values were 
used in calculating the recoveries from blood. 


coagulant, but also protects sulfhydryl groups 
from the oxidation normally catalyzed by traces of 
metal ions. Without EDTA, cysteine in 0.003 M 
solution at pH 6.8 will be oxidized to the extent of 
30 per cent in 45 minutes, as determined by the 
spectrophotometric method of Alexander (16) 
In the presence of the chelating agent, on the 
other hand, there is no decrease in sulfhydryl] 
content during the first 60 minutes. 

The cystine and cysteine content of urine. The 
determination of cysteine in urine as the S-car- 
boxymethy] derivative is less precise than it is in 
blood. The effluent curve from urine not treated 
with iodoacetate (which needs to be obtained as 
a control) exhibits a peak very close to and par- 
tially overlapping the small carboxymethylcysteine 
peak, which renders the integration of the latter 
less certain. The recovery of cysteine added to 
urine was high, 113 per cent, which reflects the 
possible error in the integration. The conclusion 
that the new peak, which appears at the car oxy- 
methylcysteine position when freshly voided urine 
is treated with iodoacetate, arises from cysteine 
is well supported by the finding that, when urine 
has first been allowed to stand under to'uene for 
24 hours at 4° C which would convert cysteine 
to cystine, no new peak at the carboxymethylcys- 
teine position appears after treatment with iodo- 
acetate. 

The results of analyses for cystine and cysteine 
in several urine samples are given in Table II. 
Normal urine clearly contains both cystine and 
cysteine, and in about the same ratio as normal 
blood. The total cystine plus cysteine content is 
in the range previously given (17, 18) for cystine 
alone; the earlier values were obtained under con- 
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ditions which would have allowed cysteine to be 
oxidized to cystine prior to analysis. 

The results obtained from the Fanconi patients 
are somewhat difficult to evaluate. The concen- 
trations of cystine and cysteine are not markedly 
increased, but the amount excreted per day is ab- 
normally large as a result of the elevation in urine 
volume. The ratio of cystine to creatinine is also 
much higher than normal. Both of the subjects 
excreted about 130 mg of cystine per g of creati- 
nine, whereas the normal values for an infant lie 
between 28 and 54 mg, and those for a child, be- 
tween 10 and 14 mg (19). Determination of the 
other amino acids in the urine showed these sub- 
jects to have a marked but not a massive amino- 
aciduria when the results are compared with those 
for a normal child of about the same age (20). 
The amino acid output was more nearly compara- 
ble with that observed for infants (19), particu- 
larly as proline and hydroxyproline were found. 
These two amino acids are characteristic constitu- 
ents of infants’ urine, but not of the urine of chil- 
dren and adults. The values for serine, threonine, 
citrulline, and lysine were particularly high. 

The high cystine excretion of the cystinuric is 
typical for an individual suffering from this con- 
dition. The cysteine content of the urine is slightly 
below the normal range. 


DISCUSSION 


The data presented in this communication show 
that both cysteine and cystine are normally found 
in blood and urine, and that the disulfide predomi- 
nates. Clearance calculations (2) for cystine in 
normal individuals will require reconsideration, 
but the changes in the numerical values will be 
small since the ratio of the two forms in urine is 
found to be similar to that in the blood. Cystinuria 
is clearly associated with a high rate of clearance 
of cystine (2); there is as yet no evidence that 
blood cysteine is the precursor of cystine in the 
urine in this abnormality, even though Brand, Ca- 
hill and Harris (5) have shown that ingestion of 
cysteine (but not cystine) led to increased excre- 
tion of cystine in the urine. It is apparent that 
the metabolic relationships between the —SH and 
—S—S— forms of the amino acid are not fully 


understood. Methods such as the present one may 
permit further studies of the relationships of the 
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two forms in different tissues as well as additional 
investigations of their excretion by the kidney in 
normal and pathological conditions. 


SUMMARY 


1. A method has been developed for the deter- 
mination of cystine and cysteine in the same sample 
of fresh blood or urine. Cysteine is determined 
by converting it immediately to the stable S-car- 
boxymethyl derivative by reaction with iodoace- 
tate. The 
amino acid composition, including the S-carboxy- 


The other amino acids are not affected. 


methyleysteine content, is determined by ion ex- 
change chromatography on columns of sulfonated 
polystyrene resins. 

2. Normal human plasma obtained from indi- 
viduals in the postabsorptive state contains about 
1 mg of cystine and 0.4 mg of cysteine per 100 ml. 
The values for a single cystinuric subject were 
both slightly low, whereas the cystine (but not the 
cysteine) content of the plasma of two subjects 
suffering from the-Fanconi syndrome was some- 
what high. 

3. The normal individual excretes, in the fasting 
state, 10 to 15 mg of cystine and 2 to 4 mg of 
cysteine per L of urine. 
jects, beth of whom exhibited aminoaciduria, had 
an elevated cystine excretion, but the cysteine con- 
tent of the urine was essentially normal. In a 
cystinuric, the cystine excretion was massive, but 
the cysteine concentration was slightly subnormal. 


The two Fanconi sub- 
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The association of a serum lipid abnormality 
and liver disease has been known since 1862, 
when Flint (1) described the accumulation of 
“cholesterine” in the blood of patients with liver 
disease as the result of decreased excretion of this 
substance into the bile. Subsequent observations 
disclosed that this increase in serum cholesterol 
concentration was largely in the unesterified (free ) 
fraction, so that the ratio of free/total cholesterol 
was elevated (2-4). Man, Kartin, Durlacher and 
Peters (5), in 1945, showed that the lipid phos- 
phorus concentration and the ratio of lipid phos- 
phorus, cholesterol were also elevated in certain 
patients with liver disease. The elevation in se- 
rum lipid phosphorus concentration appeared to 
be attributable largely to an increase in the serum 
lecithin concentration (6-9). The hyperlipemia 
and the increase in the ratio of free /total choles- 
terol, moreover, showed some correlation with the 
degree of jaundice, whether due to biliary obstruc- 
tion or to parenchymal damage (5, 10-12). 

Abnormalities in the serum lipoprotein compo- 


sition have also been described in patients with 
liver disease and jaundice. 


Marked increases in 
the S;6 and S,8 with varying increases in the 
S,10-17 ultracentrifugal classes of lipoproteins 
have been reported in patients with biliary cir- 
rhosis (13). In patients with hepatitis, increases 
in the S,0-12, 12-20, and 20-100 classes, which 
correlated positively with the icteric index, and 
decreases in the S;100—400 class, which correlated 
negatively with the icteric index, have been found 
(14). Increased concentrations of 8-lipoprotein 
and decreased-to-absent concentrations of a-lipo- 
protein have been observed with zone electro- 
phoresis of serum from patients with jaundice 
(15). Similar findings have been reported with 
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filter paper electrophoresis (16, 17) and ultra- 
centrifugation (17-19). Abnormalities in these 
lipoprotein fractions, moreover, have been demon- 
strated by both chemical (15, 17, 19) and im- 
munological means (20). 
analysis, Havel, Eder and Bragdon (19) demon- 
strated a decreased ratio of cholesterol/phospho- 
lipid in the fractions with density (D)< 1.019, 
1.019-1.063, and > 1.063 as well as an increase in 
the concentration of the fraction D < 1.063 and a 
decrease in the concentration of the fraction D > 


1.063. 


In the present investigation, a chromatographic 


By ultracentrifugal 


technique for the estimation of the main individual 
phospholipids of serum (21, 22) was employed in 
order to characterize further the serum lipid ab- 
normalities of patients with liver disease. The 
lipids were analyzed in this way in the whole se- 
rum of 12 patients with parenchymatous or ob- 
structive jaundice, 3 patients with cirrhosis with- 
out jaundice, and 3 patients with-bile fistula. In 
10 of these patients, in addition, the lipids of the 
ultracentrifugally separated serum fractions D < 
1.019, < 1.063, and > 1.063 were analyzed in the 
same manner. 


MATERIALS AND METHODS 

Six male and 12 female patients on the wards of the 
Presbyterian Hospital were studied. A brief description 
follows. 

M.N., D.C., N.W. and P.K. were females with jaun- 
dice of 8 to 16 vears’ duration, and hepatosplenomegaly. 
Laboratory studies of the serum showed negative cepha- 
lin flocculation reactions and elevated alkaline phospha- 
tase concentrations in all and a low albumin concentra- 
tion in 3 of the 4 patients tested; these were classified as 
having primary biliary cirrhosis. Patient M.N., in ad- 
dition, had diabetes mellitus known for 3 years. At the 
time of the serum lipid analysis, M.N. was receiving bile 
salts orally and P.K. had been on prednisone, 10 mg per 
day for 1 week. 

Patient L.U. had jaundice of 8 years’ duration second- 
ary to postoperative bile duct stricture. Patient K.M. 
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had jaundice of the obstructive type with a negative 
cephalin flocculation reaction and an elevated serum al- 
kaline phosphatase concentration. The jaundice, which 
started about 11 days before the serum lipid analysis, 
rapidly decreased during the week before the serum 
lipid analysis, and it was felt that this spontaneously 
reversible jaundice was due either to passage of a com- 
mon duct stone, as stabbing right upper quadrant pain 
Was present, or to the ingestion of chlorpromazine, which 
was stopped about 10 days prior to the onset of jaundice. 

Patient 1.H. was in hepatic coma, at the time of the 
serum lipid analysis, as a result of the acute hepatic in- 
sufficiency of the chronic alcoholic (23) and died two days 
later. His liver and spleen were not palpable and the 
cephalin flocculation reaction was 3+. He had received 
a total of 40 mg of prednisone during the 2 days prior to 
the serum lipid analysis. 

Patients J.E., G.L., M.C., E.E. and J.M. had had 
typical acute viral hepatitis with jaundice for 1 to 4 
weeks before the serum lipid analysis. All had hepa- 
tomegaly except J.E., in whom the liver was not felt, and 
all had 3+ or 4+ cephalin flocculation reactions except 
J.E., who had a negative cephalin flocculation reaction 
but a 2+ thymol turbidity reaction. Only E.E. had a 
low serum albumin concentration, which was about 40 per 
cent of the normal. 

Patients M.M., E.H. and J.C. had cirrhosis apparently 
on the basis of chronic alcoholism. All had firm enlarged 
livers and M.M. and E.H. had ascites and edema. The 
cephalin flocculation reaction was 2+ in M.M., 3+ in 
E.H., and negative in J.C. J.C. had 20 per cent reten- 
tion of sulfobromophthalein at 30 minutes after adminis- 
tration. 

Patients H.S. and F.M. were draining bile through 
common bile duct T-tubes following common bile duct 
exploration for choledocholithiasis. At the time of the 
lipid analysis, H.S. had drained about 275 ml of bile per 
day for 10 days and F.M. about 450 ml of bile per day 
for 8 days. L.K. had had a cholecystostomy which was 
performed for acute cholecystitis ; because of a postopera- 
tive myocardial infarction, further surgery was delayed. 
At the time of the lipid analysis, which was done about 
6 months after the cholecystostomy was performed, L.K. 
was draining about 150 ml of bile per day. 

The direct serum bilirubin concentrations were meas- 
ured in the hospital routine laboratory by the method of 
Malloy and Evelyn (24) and are reported in Table I. 
The values reported were obtained within 1 to 2 days 
of the serum lipid analyses except in Patients M.N. (11 
days before), D.C. (5 days before), E.H. (8 days before) 
and L.K. (4 days before). 

Al! of the serum samples were obtained from fasting 
patients. A lipid extract of each serum sample was pre- 
pared within 6 hours after withdrawal and stored in vacuo 
at — 30° C for as long as: several weeks. The lipid 
extract was then chromatographed in duplicate on silicic 
acid, using chloroform-methanol-water mixtures for elu- 
tion, in order to separate and quantitate the individual 
phospholipids, cholesterol, cholesterol ester, and triglycer- 
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ide. In 10 patients, aliquots of the serum samples were 
also adjusted as to density and ultracentrifuged in order 
to separate the fractions D < 1.019, < 1.063, and > 1.063. 
In L.U. the 3 fractions separated were D < 1.019, 1.019- 
1.063, and > 1.063. All of the ultracentrifugally sepa- 
rated fractions were then extracted and chromatographed 
in the same manner as the whole serum samples. The 
methods used for extraction, chromatography and ultra- 
centrifugation have been described previously (21, 22, 25). 
The column fractions were analyzed for phosphorus by 
the method of Fiske and Subbarow (26), for cholesterol 
and cholesterol ester by the method of Schoenheimer and 
Sperry (27) as modified by Sperry and Webb (28), and 
for ester bonds by the method of Rapport and Alonzo 
(29). Serum triglyceride concentration was calculated 
by subtracting the serum cholesterol ester concentration 
from the total serum nonphosphorus-containing lipid ester 
concentration and dividing by 3. 

The normal values used in Table I for whole serum 
lipids include a combined series of 7 previously reported 
(22) and of 8 previously not reported; the values for 
the ultracentrifugally separated serum fractions of this 
latter group, however, have been reported (25) except 
for cholesterol, cholesterol ester and triglyceride, and are 
the normal values quoted in Tables II to VII. These 


15 normal values were obtained from 10 male and 5 fe- 
male subjects with an average age of 32+11 (SD) 
years. 

The estimation of lysolecithin by the column chromato- 


graphic method used is not precise, one reason being 
that lysolecithin comprises only about 7 to 8 per cent of 
the total phospholipid of normal human serum; a more 
important reason, however, is that the lysolecithin frac- 
tion, which is the final phosphorus-containing fraction 
eluted from the column, is contaminated with lecithin 
and sphingomyelin. In a previous communication (21), 
it was shown that this final fraction obtained on chroma- 
tography of normal whole serum lipid extract was com- 
posed predominantly of lysolecithin, but contained about 
10 per cent lecithin and 10 per cent sphingomyelin. In 
calculating this final fraction, therefore, 80 per cent was 
considered to be lysolecithin, and 10 per cent was added 
to the lecithin and 10 per cent to the sphingomyelin frac- 
tion (22). On chromatographing samples of lecithin 
and sphingomyelin containing no lysolecithin, however, 
these substances were found in the final phosphorus-con- 
taining fraction, and it appeared that the amount of leci- 
thin and sphingomyelin in this final fraction was related 
to the total amount of material in the lecithin and sphingo- 
myelin fractions, respectively, of the lipid extract; thus, 
by subtracting from this final fraction the appropriate 
percentage of the lecithin and sphingomyelin fractions, a 
more accurate approximation of the lysolecithin concen- 
tration should be obtained. To determine the respective 
percentages of the lecithin and sphingomyelin fractions ap- 
pearing in the final fraction, 5 lipid extracts of normal 
human serum were chromatographed in amounts ranging 
from 10 to 18 wmoles of lipid phosphorus per g of silicic 


acid. When the final fraction of each was analyzed by 
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rechromatography, an average of 1.3 (range 0.9 to 1.6) 
per cent of the lecithin fraction and 4.9 (range 2.3 to 7.9) 
per cent of the sphingomyelin fraction appeared in the 
final fraction, these values showing no correlation with 
the amount of lipid phosphorus chromatographed per 
gram of silicic acid. Using these figures, therefore, all 
of the normal values recorded here were recalculated 
from the reported data so that 1.3 per cent of the lecithin 
fraction and 4.9 per cent of the sphingomyelin fraction 
were considered to be in the final fraction. Thus, these 
amounts were subtracted from the lysolecithin fraction 
and added, respectively, to the lecithin and sphingomyelin 
fractions, the rest of the final fraction being considered 
as lysolecithin. The reported values for the fraction with 
density > 1.063 (25) had already been calculated in this 
way. The values for the patients in the present series 
were calculated in the same way. When 3 samples of 
normal serum lecithin were chromatographed in amounts 
of 3.5, 7.5 and 11.3 umoles lipid phosphorus per g of 
silicic acid, 1.8, 1.2 and 1.4 per cent of the total lecithin, 
respectively, appeared in the final fraction. Two samples 
of whole human red blood cell lipid extract, which con- 
tained about one-half the relative lecithin concentration as 
human serum, when chromatographed in the same way, 
showed 1.0 to 1.1 per cent of the lecithin fraction in the 
final fraction. The markedly decreased concentrations 
of lysolecithin reported in the present study, which were 
reflected by a decrease in the concentrations of the un- 
corrected lysolecithin fraction, therefore, do not appear 
to be related to the associated high concentration of leci- 
thin found. Confirmatory evidence for the decreased 
lysolecithin concentration was obtained, moreover, by 
estimating the size of the spots obtained by chromatog- 
raphy of the lipid extract on silicic acid-impregnated 
paper. 

The concentrations of the individual phospholipids in 
the density fractions were calculated on the basis of the 
actual amounts of phosphorus eluted from the column. 
The corresponding normal values reported previously 
(25) were calculated on the basis of 100 per cent re- 
covery from the column. Since the average recovery was 
less than 100 per cent, these normal values were recal- 
culated on the basis of the actual amounts of phosphorus 
eluted from the column, and appear in Tables III-V. 


RESULTS 
Whole serum 


The values for the concentrations of the various 
lipids measured in the whole serum of all of the 
patients studied are presented in Table I. These 
patients can be divided into three groups: 7) pa- 
tients with jaundice (the top 12 in Table I) with 
direct serum bilirubin concentration greater than 
1.8 mg per 100 ml, 2) patients with cirrhosis with 
direct serum bilirubin concentration less than 1.8 
mg per 100 ml, and 3) patients with bile fistula. 


9° 


SERUM LYSOLECITHIN mM/L 
° 


i L 
10 20 30 40 
SERUM BILIRUBIN, direct mg % 


A= Obstructive jaundice 
@= Hepotoceliular jaundice 
B= Normal average (15 subjects) 


Fic. 1. THE RELATIONSHIP OF SERUM LYSOLECITHIN 
CONCENTRATION TO DIRECT SERUM BILIRUBIN CONCENTRA- 
TION IN PATIENTS WITH JAUNDICE. 


Patients with jaundice. In these 12 patients, 
the total lipid phosphorus concentration varied 
over a wide range. The lecithin concentration was 
elevated! in 8 of the 12 patients and correlated 
well with the total lipid phosphorus concentration, 
as it comprised about three-fourths of the latter. 
The sphingomyelin and “cephalin” concentrations 
appeared to correlate, but less well, with the total 
lipid phosphorus concentration. The sphingomye- 
lin concentration tended to be normal but was ele- 
vated in the three patients with the highest total 
lipid phosphorus concentrations, and the “cephalin” 
concentration was elevated. The lysolecithin con- 
centration was lowered in all patients with a direct 
serum bilirubin concentration greater than 11.4 
mg per 100 ml, and an inverse correlation between 
the concentrations of serum lysolecithin and direct 
serum bilirubin is suggested in Figure 1. The 
two patients with the obstructive type of jaun- 
dice, whose direct serum bilirubin concentrations 
were 7.6 and 1.8 mg per 100 ml, respectively, had 
normal lysolecithin concentrations. The lowest 
lysolecithin concentration was seen in the patient 
(1.H.) with acute hepatic insufficiency and coma. 

The relative amounts of lecithin and sphingo- 
myelin showed more consistent changes than did 
the absolute amounts. The percentage of the total 
phospholipid analyzed as lecithin was elevated in 
11 and the sphingomyelin/lecithin ratio was de- 
creased in all of the patients (Figure 2). The 


1A value designated as elevated or lowered means 
that it is beyond twice the standard deviation from the 
average. 
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LIPID COMPOSITION OF SERUM IN LIVER DISEASE 
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percentage of the total phospholipid analyzed as 
“cephalin” tended to be elevated in the patients 
with hepatitis. 

The free cholesterol concentration as well as the 
ratio of free/total cholesterol was elevated in all 
of these patients but one, while the total choles- 
terol concentration varied considerably. The cho- 
lesterol ester concentration, like the lysolecithin 
concentration, appeared to be inversely related to 
the direct serum bilirubin concentration, as is seen 
in Figure 3. 

The serum triglyceride concentration was ele- 
vated in nine of the patients. All of the sera were 
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Fic. 3. THE RELATIONSHIP OF SERUM CHOLESTEROL 
ESTER CONCENTRATION TO DIRECT SERUM 


CENTRATION IN PATIENTS WITH JAUNDICE, 


BILIRUBIN CON- 


clear on inspection except that of Patient J.M.., 
whose serum showed a faint opalescence. 
Patients with cirrhosis. The three patients with 
cirrhosis did not show the lipid changes seen in 
the patients with jaundice, except for some eleva- 
tion of the ratio of free/total cholesterol in two, 
lowering of the cholesterol ester concentration in 
one, and lowering of the concentration of lysoleci- 
The latter two patients had ascites 
All of the sera were clear on inspec- 


thin in two. 
and edema. 
tion. 
Patients with bile fistula. 
with bile fistula likewise did not show the changes 
seen in the patients with jaundice except for an 


The three patients 


TABLE II 


Distribution of serum lipid phosphorus in density fractions 


Patient Diagnosis D <1.019 


% total 
18.0 
10.6 

2.8 


mmoles /L 
Average 0.49 
SD 0.29 
0.28 


Normals 


8] 
N.W. 


Primary biliary 
cirrhosis 
Obstructive 
jaundice 
Obstructive 
jaundice 
Acute hepatic t t 
insufficiency 
Hepatitis 
Cirrhosis 
Cirrhosis 
Cirrhosis 
Bile fistula 
Bile fistula 


0.67 10.0 


0.98 20.1 


6.67 
0.49 
0.54 
0.30 
1.10 
0.64 


15.9 
18.5 
21.6 

9.3 
30.7 
18.9 


Total 
serum 
D <1.063 D >1.063 Recovery* lipid P 


mmoles/L  % total mmoles, L. 
1.65 55 94 


0.27 6 5 0.62 
0.42 100 10.1 


mmoles total 
1.37 45 
0.35 6 
9.70 96 


5.187 77t 87 7.72 


3.90 


Nm 


OO 


16 


* Per cent recovery of total serum lipid P from 1.063 density tube after centrifugation. 
+ Calculated by adding D < 1.019 and D1.019-1.063 fractions. 


t Sample lost. 
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TABLE IJ 
Phospholipid composition of fraction with density < 1.019 * 


Patientt Diagnosis “Cephalin” Lecithin Sphingomyelin Lysolecithin 


mmoles/L % total mmoles/L % total mmoles/L total mmoles/L total 


Normals Average 0.032 ae 0.39 66.4 0.15 23.5 0.028 4.5 
[4] 


Obstructive 0.034 5.4 0.46 73.0 0.12 18.7 0.018 2.9 
jaundice 

Obstructive 0.061 6.5 0.67 72.0 0.18 19.0 0.023 2.5 
jaundice 

Hepatitis 0.049 6.8 0.51 70.4 0.14 19.0 0.028 3.9 

Bile fistula 0.045 8.0 0.36 64.5 0.13 24.0 0.019 3.5 


* Phospholipid values are expressed as millimoles of phosphorus. 
t Samples on other patients either not done or too inaccurate because of small quantity. 


TABLE IV 


Phospholipid composition of fraction with density < 1.063 * 


Patient Diagnosis “Cephalin” Lecithin Sphingomyelin Lysolecithin 


mmoles, L ™ total mmoles/L total mmoles /L % total mmoles/ L total 
Normals Average 0.053 é 0.87 : 0.34 J 0.039 3; 
[8] SD 0.008 0.21 0.08 3 0.014 ) 
N.W. Primary biliary 0.427 : 7.60 2 1.51 5. 0.165 : 
cirrhosis 
Obstructive 0.198 3: 3.85 5: 0.88 a3 0.142 
jaundice 
Obstructive 0.191 2.86 0.61 0.071 
jaundice 
Acute hepatic 0.072 an 1.64 y 0.33 : 0.017 
insufficiency 
Hepatitis 0.145 : 2.02 . 0.48 0.060 
Cirrhosis 0.048 : 0.74 70. 0.24 0.027 
Cirrhosis 0.060 5 0.77 j 0.23 0.019 
Cirrhosis 0.063 1.10 0.38 0.038 
Bile fistula 0.102 5; 1.39 ; 0.44 0.066 
Bile fistula 0.097 1.19 0.41 0.037 


wm wee bon 

DOAN oo 


* Phospholipid values are expressed as millimoles of phosphorus. 
+ Calculated by adding D < 1.019 and D1.019-1.063 fractions. 
t Estimated. 


TABLE V 
Phospholipid composition of fraction with density > 1.063 * 


Patientt Diagnosis “Cephalin” Lecithin Sphingomyelin Lysolecithin 


mmoles, total mmoles/L total mmoles, L total mmoles / L total 
Normals Average 0.087 1.15 : 0.22 3: 0.18 | 
SD 0.025 0.22 ; 0.05 i 0.03 2.8 
Obstructive 0.064 0.13 ae 0.146 9.0 
jaundice 
Obstructive 0.065 
jaundice 
Hepatitis 0.073 
Cirrhosis 0.079 
Cirrhosis 0.076 
Cirrhosis 0.065 
Bile fistula 0.082 
Bile fistula 0.082 


ont 


0.11 : 0.099 9.4 


0.11 Re 0.185 17.5 
0.24 0.098 6.8 
0.18 0.068 6.0 
0.15 . 0.150 12.3 
0.16 0.188 12.2 
0.22 33 0.115 | 


a 


Mw WS 


UIST 


* Phospholipid values are expressed as millimoles of phosphorus. 
t The values for N.W. and 1.H. not recorded because of inaccuracy due to small quantity of fraction. 
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elevation of the ratio of free/total cholesterol in 
two and of the triglyceride concentration in all. 
The lysolecithin concentration was within the nor- 
mal range. The sera of Patients H.S. and L.K. 
showed a' faint opalescence, while the serum of 
F.M. was clear on inspection. 

Serum lipoprotein fractions. In ten patients, 
aliquots of the same samples used for whole serum 
analysis were adjusted as to density, and fractions 
D < 1.019, < 1.063 and > 1.063 were separated 
by ultracentrifugation. The values for the lipid 
phosphorus in each density fraction are given in 
Table II. A _ striking elevation of the relative 
amount of lipid phosphorus in the fraction D < 
1.063 is evident in the five patients with jaundice, 
even when the total serum lipid phosphorus was 
not elevated (I.H.). The absolute amount of lipid 
phosphorus was elevated in the fraction D < 1.063 
in all of the five and was lowered in the fraction 
D > 1.063 in three of the five. These changes 
were in contrast to the minimal, if any, deviations 
from normal observed in the patients with cirrhosis 
and with bile fistula. No consistent changes in the 
relative or absolute amount of total lipid phos- 
phorus in the fraction D < 1.019 were seen. The 
fraction D > 1.21 was analyzed in Patients L.U. 
and L.K. and found to contain about 2 per cent 
and 4 per cent, respectively, of the total lipid 
phosphorrss. 

The vaiues for the individual phospholipids in 
each density fraction are given in Tables III to V. 
The changes in the relative concentrations of the 
individual phospholipids as compared with the 
normal values were in the same direction as in 
whole serum. The sphingomyelin/lecithin ratio 
in the fraction D < 1.063 was considerably lower 
in the patients with jaundice than in those with 
cirrhosis and with bile fistula. This ratio, how- 
ever, was considerably higher in the fraction 
D < 1.063 than in the fraction D > 1.063, as in 
normal subjects (25), suggesting that the rela- 
tive binding affinities for these phospholipids by 
the respective lipoproteins were similar to the 
normal, The molar “cephalin”/sphingomyelin 
ratio was higher in the fraction D > 1.063 than in 
the fraction D < 1.063, as in normal subjects (25), 
suggesting that the relative binding affinities for 


Total serum 
mmoles /L 


Recovery* 


D > 1.063 


mmoles; L 


100. 


Distribution of serum cholesterol in density fractions 
D <1.063 
+ >1.063 fractions, respectively, 


% totalt 


D <1.019 


mmoles / 


Average 


Patient 


Normals [6] 
t Free or total choleste 


t Free cholesterol/ totz 
§ Calculated by addi 
Calculated by addi 


* Per cent recovery 


these phospholipids by the respective lipoproteins 
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TABLE 


Vil 


Distribution of serum triglyceride in density fractions 


Patient D<1.019 


mmoles /L 


0.54 
1.55 
2.38 
1.62 
2.62 
0.52 
0.60 


mmoles/L total 


Normals [5] 
Average 
N.W. 


0.60 


1.11 


D <1.063 


Total 
serum 
triglyceride 


D> 1.063 Recovery* 


% total % 


total mmoles /L mmoles /L 


0.10 


0.15 
0.08 
0.24 
0.33 
0.17 
0.19 
0.25 
0.23 


* Per cent recovery of total serum triglyceride from 1.063 density tube after centrifugation. 
t Calculated by adding D < 1.063 and > 1.063 fractions. 


lecithin ratios in both fractions were similar to the 
respective values found in normal subjects (25). 

The distribution of free 
in the density fractions of 
shown in Table VI. All of the patients with 
jaundice showed a relative elevation of free and 
total cholesterol as well as an absolute elevation of 
free cholesterol in the fraction D < 1.063. In two 
of the jaundiced patients (L.U., I.H.), there was 
also a marked increase in the ratio of free/total 
cholesterol in the fractions D < 1.063 and > 1.063. 

The distribution of the triglyceride in the den- 
sity fractions of nine of the patients is shown in 
Table VII. Although the error involved in this 
determination may be considerable, the patients 


and total cholesterol 
these ten patients is 


with jaundice had a relatively greater amount of 

triglyceride in the fraction D < 1.063 than had 

the normal subjects or the other patients. 
DISCUSSION 

The data presented indicate that the presence 
of jaundice, whether parenchymatous or obstruc- 
tive in origin, was associated with changes in the 
serum lipids, including the individual phospho- 
lipids, cholesterol, cholesterol ester and triglycer- 
ide, and in the serum lipoproteins. 

Of the 12 patients with jaundice, 8 showed an 
elevation in serum lecithin concentration; the 4 
patients who did not, likewise showed no elevation 
in total serum phospholipid concentration, in 2 
(P.K., I.H.) probably because of severe parenchy- 
mal damage (5) and in 2 (J.E., J.M.) because of 
mild disease. But the percentage of the total phos- 
pholipid analyzed as lecithin was elevated in 11 of 


the 12 patients. 
“cephalin” concentrations were more variable, the 
former usually being normal and the latter ele- 
vated. The ratio of sphingomyelin/lecithin, how- 
ever, was lowered in all of the jaundiced patients. 
Similar results were reported by Petersen (8, 9), 
who estimated the individual phospholipids by 
measuring phospholipid fragments after hydrolysis. 

The serum lysolecithin concentration appeared 
to be inversely related to the direct serum bilirubin 
concentration and was low in all of the patients 
with marked primary liver disease, being lowest 
and almost absent in a patient with acute hepatic 
insufficiency of the chronic alcoholic (23) and 
coma. The isolation, identification, and quantita- 
tion of lysolecithin in human serum have been de- 
scribed previously (21, 22) and confirmed (30, 
31). About one-half of the serum lysolecithin, 
furthermore, appears to be concentrated in a lipo- 
protein fraction D > 1.21 (32). A decrease in 
the serum lysolecithin concentration, therefore, 
might be reflected in a decrease in the amount of 
lysolecithin in the lipoprotein fraction D > 1.21. 
Havel, Eder and Bragdon (19) reported that in 
eight patients with hyperlipoproteinemia, the 
amount of phospholipid in the fraction D > 1.21 
was within the normal range. Furman, Norcia, 
Fryer and Wamack (33), however, noted that in 
a patient with biliary cirrhosis and a high lipid 
phosphorus level, almost no ethanol-ether soluble 
phosphorus was found in the fraction D > 1.21. 

The decrease in the serum lysolecithin concen- 
tration in the patients with jaundice could be the 
result of biliary retention, of abnormal liver func- 


The serum sphingomyelin and 
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tion, or of both. Borgstrom (34) has shown that 
the lecithin of bile is converted to lysolecithin in 
the gastrointestinal tract. The lysolecithin of se- 
rum, therefore, may represent that absorbed from 
the gastrointestinal tract during digestion, and the 
decreased serum lysolecithin concentration in the 
patients with jaundice might have been the re- 
sult of a decreased excretion of bile into the gas- 
trointestinal tract, even though lecithin might have 
been introduced into the gastrointestinal tract in 
the diet. If the retention of bile lecithin parallels 
the serum bilirubin concentration, then the inverse 
relation between serum lysolecithin concentration 
and serum bilirubin concentration suggested in 
Figure 1 would be expected. This explanation 
for the decrease in serum lysolecithin concentra- 
tion in patients with jaundice, however, seems un- 
likely for.several reasons. First, the two patients 
with the obstructive type of jaundi . showed nor- 
mal levels of serum lysolecithin; but their serum 
bilirubin levels were lower than most of the other 
patients. 


Second, two patients with marked cir- 
rhosis, ascites and edema showed decreases in the 
serum lysolecithin concentration, even though the 
serum bilirubin concentration was only slightly 


elevated. Third, three patients with bile fistula, 
who were losing much if not all of their bile for at 
least eight days before the serum lipid analysis, 
showed normal concentrations of serum lysolecithin. 
It seems likely, therefore, that the liver controls the 
level of and, as is the case with the other major 
phospholipids (35, 36) probably synthesizes and 
breaks down the lysolecithin of serum. Lysoleci- 
thinases, in fact, have been found in rat and sheep 
liver (37, 38). If this is the case, it apparently 
takes less hepatic damage to lower the level of the 
serum lysolecithin than that of the other serum 
phospholipids. The suggestive correlation of the 
serum lysolecithin concentration with the direct 
serum bilirubin concentration thus may represent 
a correlation with the severity of the parenchymal 
liver disease, as evidenced by the level of the direct 
serum bilirubin. The decrease in serum lysoleci- 
thin concentration, therefore, appears to be a re- 


sult of decreased liver function, although the pos- 


sibility still exists that it is also related to biliary 
retention in some as yet unknown way. 

The association of parenchymatous and obstruc- 
tive jaundice with an increase in the serum con- 
centration of free cholesterol and in the ratio of 
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free/total cholesterol, as well as the apparent di- 
rect relationship between the degree of jaundice 
and these functions, has been noted before (2-5, 
10-12). The lack of a comparable degree of ele- 
vation in patients with bile fistula suggests that a 
decrease of bile in the gastrointestinal tract was 
not responsible for these changes. The serum 
cholesterol ester concentration, like the serum ly- 
solecithin concentration, appeared to be inversely 
related to the serum bilirubin concentration and 
was decreased in one patient with marked cirrhosis 
without jaundice. These data suggest that, in pa- 
tients with parenchymatous or obstructive jaundice, 
the decrease in cholesterol ester concentration, 
like the decrease in serum lysolecithin concen- 
tration, may be the result of parenchymal damage, 
while the increase in free cholesterol concentra- 
tion, like the increase in serum lecithin concen- 
tration, is a consequence of biliary retention. 
Nevertheless, the possibility exists that the de- 
crease in the cholesterol ester and lysolecithin con- 
centrations may also be related to biliary reten- 
tion as, for example, by competition with free cho- 
lesterol and lecithin, respectively, for lipoprotein 
binding sites. The increase in the ratio of serum 
free/total cholesterol in patients with jaundice of 
both causes, however, is usually attributed to a 
failure in the cholesterol esterification process. 
The serum triglyceride concentration was ele- 
vated in nine of the patients with jaundice. The 
values obtained, however, may be in considerable 
error as they were calculated as the difference be- 
tween the concentrations of total serum nonphos- 
phorus-containing lipid ester and serum choles- 
terol ester, and evidence indicates that cholesterol 
ester may not give a quantitative color yield with 
the lipid ester method used (39-41). Neverthe- 
less, even if cholesterol ester gave no color yield 
with this method, the triglyceride values would be 
elevated in half of the patients with jaundice and 
in all of the patients with bile fistula. All of the 
sera in the jaundiced patients, except for one from 
a patient with very mild hepatitis, however, were 
clear on inspection, possibly because of insufficient 
elevation of the serum triglyceride concentration 
(42). Ahrens and Kunkel (10) also noted ir- 
creased neutral fat concentrations with clear sera 
in patients with primary biliary cirrhosis, and Al- 
brink, Man and Peters (11) found the serum neu- 
tral fat to be almost invariably elevated in pa- 
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tients with obstructive jaundice. The elevation in 
the three patients with bile fistula and the lack of 
elevation in the patients with marked cirrhosis 
without jaundice suggest that the increased se- 
rum triglyceride concentration might have been re- 
lated to the decreased delivery of bile into the gas- 
trointestinal tract. 

Analysis of the lipoprotein fractions * separated 
by ultracentrifugation in five of the patients with 
jaundice revealed an elevation of the amount of 
lipid phosphorus in the fraction D < 1.063 in all, 
even when the total serum lipid phosphorus was 
not elevated, and a decrease in the amount of lipid 
phosphorus in the fraction D > 1.063 in three of 
the five patients. Similar findings have been re- 
ported by others (15-19). The minimal, if any, 
deviation from the normal in these fractions in the 
nonjaundiced patients with cirrhosis and with bile 
fistula suggests that these changes are related 
to bile retention. The mechanism of these changes, 
however, is obscure. The ratios of the individual 
phospholipids, cholesterol and cholesterol ester in 
the density fractions were changed in the same di- 
rection as in whole serum. The sphingomyelin/ 
lecithin ratio, moreover, was considerably higher 
and the “cephalin”/sphingomyelin ratio lower in 
the fraction D < 1.063 than in D > 1.063, as in 
normal subjects (25), suggesting that the rela- 
tive binding affinities for these phospholipids by 
the respective lipoproteins were similar to the 
normal. 

Although it is difficult to dissociate the effects 
of biliary retention and parenchymal damage, the 
evidence presented suggests that in patients with 
jaundice the hyperlipemia, characterized by an in- 
crease in the concentrations of lecithin and free 
cholesterol, is a consequence of the biliary reten- 
tion. Although the mechanism of such a relation- 
ship is unknown, two explanations may be con- 
sidered. It has been suggested that the hyperlipe- 
mia of obstructive jaundice is a consequence of 
the retention of cholate in the plasma with a re- 
sultant trapping of plasma lipids (44-46). This 
explanation seems unlikely, however, because the 
amount of bile salt in the serum of patients with 


jaundice is much smaller than the amounts of leci- 


* The fractions D < 1.063 and > 1.063 migrate as p- 
and a-globulin, respectively, on paper electrophoresis 
(19), while the fraction D < 1.019 migrates as a globu- 
lin on zone electrophoresis (43). 
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thin and free cholesterol (47, 48) and apparently 
most of the bile salt is bound to albumin (49). In 
addition, the hyperlipemia appears to be rather 
selective, in that it is largely accounted for by 
lecithin and free cholesterol. The second explana- 
tion seems more reasonable. It is probably more 
than coincidental that the lipids which account for 
most of the hyperlipemia in patients with jaun- 
dice, i.e., lecithin and free cholesterol, are the same 
lipids that account for essentially all of the lipid 
of bile (50-52). Although the liver apparently 
synthesizes lecithin and free cholesterol, the hy- 
perlipemia could result from an inability of the 
liver to excrete these lipids into the bile as a re- 
sult of parenchymal damage or from a regurgita- 
tion of the bile lipids into the blood as a result of 
biliary obstruction. Lvidence offered against this 
hypothesis has been the demonstration of an in- 
creased rate of synthesis of plasma cholesterol fol- 
lowing bile duct ligation in the rat (53) and of an 
increased rate of plasma phospholipid synthesis in 
patients with jaundice and hyperlipemia (54). It 
is conceivable, however, that the increased rate of 
synthesis of these lipids may represent an incre- 
ment in synthesis that ordinarily is excreted into 
the bile but in jaundiced patients finds its way into 
the plasma. Other explanations for the hyper- 
lipemia, however, are possible, and selection of 
the correct one must await further studies. 


SUMMARY 


The serum lipids, including the individual phos- 
pholipids, free cholesterol, cholesterol ester, and 
triglyceride were analyzed in 12 patients with 
parenchymatous or obstructive jaundice, in 3 pa- 
tients with cirrhosis without jaundice, and in 3 pa- 
tients with bile fistula. 

The serum lipids of the patients with parenchy- 
matous or obstructive jaundice showed a charac- 
teristic pattern, even when the total serum lipid 
concentration was not elevated, which included 
1) elevation of the lecithin concentration and, more 
consistently, of the ratio of lecithin/total phospho- 
lipid, 2) elevation of the free cholesterol concen- 
tration and of the ratio of free/total cholesterol, 
and 3) elevation of the concentration of the lipo- 
protein fraction with density (D) < 1.063 and 
lowering of the concentration of the lipoprotein 
fraction D > 1.063, and more consistently, ele- 
vation of the ratio of the former to the latter. 
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LIPID COMPOSITION OF SERUM IN LIVER DISEASE 


These serum lipid changes were not seen in the 
nonjaundiced patients with cirrhosis and with bile 
fistula, except for some elevation of the ratio of 
free/total cholesterol, suggesting that this pattern 
was a concomitant of bile retention rather than of 
parenchymal damage or decrease in the amount 
of bile delivered to the gastrointestinal tract. 

The serum lipids of the lipoprotein fractions 
separated by ultracentrifugation reflected the 
changes seen in whole serum and comparison with 
the corresponding fractions of normal subjects 
suggested that the relative binding affinities of the 
lipoproteins for the individual phospholipids were 
similar to the normal in all of the patients. 

The serum lysolecithin concentration in the pa- 
tients with parenchymatous jaundice appeared to 
be inversely related to the direct serum bilirubin 
concentration, The lowered concentration of ly- 
solecithin in two nonjaundiced patients with cir- 
rhosis and the normal concentration in the three 
patients with bile fistula suggested that the lyso- 
lecithin concentration reflected parenchymal fune- 
tion and that the liver controls the level of and may 
be the source of this phospholipid. 

The serum cholesterol ester concentration varied 
similarly to the serum lysolecithin concentration 
and likewise may be related to parenchymal fune- 
tion. 

The serum triglyceride concentration was ele- 
vated in most of the jaundiced patients and in the 
patients with bile fistula. 

It appears that parenchymal liver damage has a 


depressing effect upon the serum concentrations 
of the phospholipids, free cholesterol, and choles- 
terol ester, while biliary retention tends to elevate 


the serum concentrations of lecithin and _ free 
cholesterol. 
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ZINC IN HUMAN BLOOD CELLS: NORMAL VALUES AND 


ABNORMALITIES ASSOCIATED WITH LIVER 


Studies of the biochemistry of zine have pro- 
duced results which are widely divergent because 
of difficulties in methodology. However, tech- 
niques have evolved so that general agreement now 
exists that dithizone methods give reliable and re- 
producible measurements of zinc in erythrocytes 
and sera, and that acid extraction of the zinc from 
these biological materials produces more con- 
sistent and accurate results than wet-ashing or 
dry-ashing methods of preparing specimens for 
dithizone determination of zine (1-4). Although 
normal values for erythrocyte and serum zinc have 
been established, the zinc content of leukocytes 
from normal persons using the acid extraction- 
dithizone method has not been evaluated in the 
past. 

-atients with hepatic cirrhosis have been found 
to have low serum zinc levels (5,6), zincuria (7), 
and decreased concentrations of zinc in liver tis- 
sue (6, 7). Vallee, Wacker, Bartholomay and 
Hoch (7) have postulated that these disturbances 
of zine metabolism may be due to inhibition and 
perhaps to degradation of the zinc metalloenzymes, 
alcohol and glutamic dehydrogenases, because of 
excessive ethanol ingestion. However, there has 
been no direct evidence of altered intracellular 
zinc levels in patients with liver disease. 

The purposes of this study were to extend the 
application of the acid extraction-dithizone method 
for the determination of zinc to human leukocytes, 
to re-examine critically the levels of zinc in blood 
cells of normal persons, and to investigate the zinc 
content of the erythrocytes and leukocytes of pa- 
tients with cirrhosis. 

* This work was supported by grants from the United 
States Public Health Service, Parke, Davis & Co., and 
the Gladys F. Bowyer Fund. 
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MATERIALS AND METHODS 


All reagents were prepared, glassware cleaned, and 
blood collected with the special precautions required for 
trace metal analysis (4). Venous blood (about 30 to 40 
ml) was drawn from the subjects in the morning, with- 
out regard to fasting or nonfasting state. A small ali- 
quot of blood was taken for routine hematological de- 
terminations and the remainder was mixed with about 
an equal volume of polyvinylpyrrolidone-heparin  sedi- 
menting solution. After about 45 minutes the leukocyte- 
rich supernatant was pipetted off. 
pension and a suspension of erythrocytes were washed 
three times with normal saline, and then diluted with 
saline so that the erythrocyte suspension contained about 
500,000 red blood cells per mm* and the leukocyte-rich 
suspension had approximately 40,000 to 50,000 white 
blood cells per mm*. An aliquot of each suspension was 
then removed for quadruplicate counting of erythrocytes 
and leukocytes in each suspension with a Coulter counter. 
Random checks of leukocyte counts were also made in 
hemocytometers. 

Berfenstam’s method for the acid extraction of zinc 
from blood was modified slightly and used routinely (2). 
For some experiments used to evaluate methods, wet- 
ashing for zinc extraction, as described by Wolff (3) 
and by Sandell (8), were also used. The determinations 
of zinc were made according to the dithizone method of 
Malmstrom (4), modified by using a 1.00 mg per cent 
dithizone-carbon tetrachloride solution and reading in a 
Beckman DU spectrophotometer at 520 my. Duplicate 
zinc-free water blanks and duplicate zinc standards (2 or 
3 wg) were processed with each set of samples. 

In this dithizone method the zinc standard curves obey 
Beer-Lambert’s law to a concentration of 3.5 ug of zinc 
per sample. It would be possible, therefore, to read the 
zinc content of a sample directly from a standard curve. 
However, because of slight variations in standard curves 
from day to day, probably due to differences in room 
temperature and slight variations in the dithizone solu- 
tion concentrations, the zinc content of each sample was 
determined by using a calibration constant determined 
for each set. Duplicate determinations were made on 
each sample in most cases. The values of all duplicate 
determinations were averaged, and a single result, cor- 
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TABLE I 


Serial determinations of zinc in 3 ml aliquots of 
the same erythrocyte-rich suspension 


Date ue Zn/3 ml sample 
9/10/59 
9/17/59 
9/21/59 
9/22/59 
9/24/59 
9/30/59 

10/5/59 

10/28/59 

10/29/59 


we S Un 


rected for erythrocyte or leukocyte contamination, is 
shown for each sample tested. 


RESULTS 


Evaluation of the method. As a check on the 
day-to-day reproducibility of results, many 3 ml 
aliquots of erythrocyte-rich suspensions were pre- 
pared at one time and stored. A single sample of 
such a control lot was randomly introduced and 
the zine content determined with a batch of other 
cell samples from time to time. The results of 
such a control study are shown in Table I and 
serve to demonstrate the reliability of the method. 
In this set of control samples, as in other sets, 
some of the erythrocyte-rich suspensions were 
stored in zinc-free water added after the final sa- 
line wash, and some in hydrochloric acid-trichloro- 
acetic acid mixture. No significant difference in 
results was introduced by varying the storage state. 

Because of the possibility that the acid extrac- 
tion method of preparing leukocytes for the dithi- 
zone determination might not result in complete 
extraction of the cellular zinc, several experiments 
were performed using concurrent wet-ashing and 


TABLE 


TABLE II 
Comparison of zinc levels in leukocyte-rich suspensions as 
determined using wet-ashing and acid 
extraction methods 


Cells Acid extraction 


Wet-ashing 


ug Zn/3 ml WBC-rich suspension 
2.02 1.94 
1.28 1.11 
1.06 1.10 


acid extraction methods to prepare aliquots of the 
same leukocyte-rich cell suspensions. <As_ re- 
vealed in Table II, there were no significant dif- 
ferences between the leukocyte zine values deter- 
mined by these two methods. 

The calculation of leukocyte zinc would be sim- 
plified if the leukocyte-rich sample were completely 
free of contaminating erythrocytes. Wolff lysed 
the erythrocytes with 2.5 per cent acetic acid (3) 
and thus obtained a pure leukocyte preparation. 
Using the method, we found that most or all of the 
leukocyte zinc was leached from the cells (Table 
III). In a single experiment the acidity of the 
saline wash solution was reduced to pH 3.7 
with zinc-free hydrochloric acid, and a_ single 
washing with this solution resulted in about 50 
per cent loss of leukocyte zinc. When either a 2.5 
per cent acetic acid or a 1 per cent saponin solu- 
tion was used to lyse the erythrocytes, the re- 
maining leukocytes tended to be clumped rather 
markedly, making accurate enumeration of the 
cells impossible. 

Values in normal persons. In 38 simultaneous 
determinations of erythrocyte and leukocyte zinc 
concentrations of 32 normal persons (Table IV), 
using the acid extraction and dithizone determina- 


Data showing effect on sinc of washing leukocyte-rich suspension once with 2.5 per cent acetic acid * 


Subj. 


ue Zn, 3 ml WBC- 


Washed thrice with normal saline 


Zinc in 
supernatant 
acetic acid 


Washed once with 2.5% acetic acid 
wash sol. 


and twice with normal saline 


pe Zn/3 ml WBC- 


we Zn, 10° WBC rich susp. pe Zn/10° WBC rich susp 

61.5 1.78 0.0 0.00 

57.6 0.83 0.0 0.05 

64.0 1.94 13.3 0.20 
0.0 0.00 

1.11 0.0 0.00 

: 1.10 6.6 0.08 


5 
7 


* Cells used in these experiments were not from normal persons. 
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ZINC IN BLOOD CELLS: NORMAL VALUES AND ABNORMALITIES IN LIVER DISEASE 


TABLE IV 


Normal values for zinc in leukocytes and erythrocytes 


Subjects No. of 


— determina- 
Sex Age range No. tions Range Mean SD Range Mean SD 
yrs ug Zn/ 10 RBC ue Zn/ 10 WBC 
Males 22-41 24 29 9.5-14.4 12.0 125 56.8-168 102.0 26.5 
Females 25-50 8 9 9.3-15.5 12:2 2.14 57.7-122 105.0 V4 ie 
Both 22-50 32 38 9.3-15.5 r2.4 1.51 56.8-168 103.0 25.9 


Comparison with normal subjects of the range and mean of values for leukocyte and erythrocyte zinc in 
15 cirrhotics, and for serum zinc in 9 cirrhotics 


Normals Cirrhotics 


Range Mean SD Range Mean SD 


ug Zn/10" leukocytes 56.8-168.0 103.0 25.5 39.9-106 72.9 19.9 
ug Zn/10" erythrocytes 9.3- 15.5 12:4 1.51 7.9— 18.0 3.16 
wg Zn/100 ml serum 84.0-163.0 124.0 15.9 (11) 36.0— 80.0 64.2 13.1 


tion method, we found a mean of 12.1 pg of zinc leukocyte zinc values in 15 cirrhotic patients 
per 10'° erythrocytes (SD + 1.51) and 103 pg of range from 39.9 to 106 pg per 10'° white cells with 
zine per 10'° leukocytes (SD + 25.5). a mean of 72.9 pg per 10'° white cells. These 

Values in patients with cirrhosis. The results, values are distinctly lower than normal, and the 
which are summarized in Table V, show that the differences can not be explained on the basis of 


VI 


TABLE 


Summary of sinc determinations and of clinical and laboratory data at the time of study for each of 
15 patients with hepatic cirrhosis 


Leukocyte counts§$ 


Age, race, 
Patient sex Bilirubin BSP* RBC WBC Serum PCVt MCVt Total Differential 


Zn 
wg Zn/10 pg Zn/10© /100 ml 


W. B. 39 WM|| 13.0 15.1 66.6 42 121 10,850 Normal 
W. C. 40 NM|| 0.62 14 11.4 97.0 63 51 89 11,000 83.5% Neutrophils 
PSF. 65 WM|| 0.50 12.1 48.1 36 33 82 6,030 Normal 
65 28 8.0 95:2 41 102 9,370 Normal 
R. H. 38 WM! 1.66 32 5 ae 59.4 68 32 84 7,970 Normal 
A. J. 50 WM) 14.1 15.2 60.3 35 121 35,000 92.5° Neutrophils 
I. M. 68 WM || 15.6 49 15:1 39.9 29 106 15,300 92.5% Neutrophils 
AR. 40 WM) 25.0 14.9 45.5 29 115 23,000 89 °°, Neutrophils 
E.R. 49 WM) 2.28 45 16.4 76.2 80 41 104 9,290 Normal 
RS. 37 WM 3:25 11.9 87.8 47 94 7,980 Normal 
OS: 65 WM! 2.72 67 8.1 60.5 48 48 103 8,230 Normal 
Car 43 WM | 0.76 24 7.9 80.5 66 27 78 5,880 Normal 
O.W. 48 WM. 1.98 11:5 34 89 5,940 Normal 
W.W. 57 WM|| 3.90 18.0 94.2 fi ao 112 6,470 Normai 
W.]J., 1 39 WMG 0.65 23 8.6 81.6 60 48 89 4,870 Normal 


W.J., 2 39 WMG 0.65 29 8.8 70.8 80 41 87 4,530 Normal 


* Per cent retention of sulfobromophthalein 45 minutes after injection. 

t+ Packed cell volume or hematocrit. 

t Mean corpuscular volume of erythrocytes. 

§ Total counts of leukocytes in 1 cu mm of peripheral blood, and differential counts of 200 leukocytes in smear of 
peripheral blood. 
|| Alcoholic cirrhosis. 
Post-hepatitic cirrhosis. 
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the total or differential leukocyte counts or on any 
morphological feature of the leukocytes. 

The range of erythrocyte zinc in these patients 
is broader than normal, 7.9 to 18.0 pg per 10°” 
red cells, although the mean value, 12.5 pg per 
10'° red cells, is not significantly different from 
the normal mean (Table V). As seen in Table 
VI, the content of zinc in erythrocytes tends to 
vary directly with the mean corpuscular volume of 
erythrocytes. 

Ten determinations of serum zinc were made 
on samples from 9 of the patients with cirrhosis. 
The values range from 36 to 80 yg vith a mean of 
64.2 wg of zinc per 100 ml serum for che 9 patients. 


DISCUSSION 


The erythrocyte zinc levels reported here agree 
closely with those reported by other investigators 
(1-3, 9). However, the zinc levels of normal 
leukocytes which are presented here vary greatly 
from those previously reported, being only about 
30 to 50 per cent of the values given by Vallee 
and Gibson (9), who used a dry-ashing process, 
and by Wolff (10), who used a wet-ashing method 
(Table VIT). 

Vallee and Gibson’s zinc values for normal leu- 
kocytes were calculated on the basis of the assump- 
tion that 100 per cent recovery of uncontaminated 
leukocytes from the peripheral blood was obtained, 
i.e., the actual number of leukocytes in each sample 
was not determined directly, and there is a pos- 
sibility that recoveries were incomplete. It should 
also be mentioned that the values for serum zinc 
reported by Vallee and Gibson (9) and by Hoch 
and Vallee (1) have been “corrected” downward 
about 50 per cent in subsequent work by Vikbladh 
(11), Berfenstam (2), Wolff (10), and Vallee 


and co-workers (5). It is possible that the same 


TABLE VII 


Previously reported values for zinc in leukocytes 
of normal persons 


Author Subjects Range Mean 


ne 10° WBC 
Vallee and Gibson (9) 17 males 120-650 290 
Vallee and Gibson (9) 18 females 170-620 350 
Wolff (10) 24 males 152-348 225 
Wolff (10) 20 females 160-332 226 


unknown technical difficulty that resulted in the 
erroneously high serum zinc values also contrib- 
uted to the high values for zinc in normal leuko- 
cytes reported by Vallee and Gibson. 

Wolff's zinc values for normal leukocytes were 
determined from leukocyte-rich samples which 
had been purified by lysing the erythrocytes with 
2.5 per cent acetic acid wash solution. As men- 
tioned earlier in this paper, this process apparently 
leaches the zinc from leukocytes and also makes 
sampling and counting of the cells very difficult. 

Our acid extraction method was compared with 
the wet-ashing method of Wolff, and the values 
for zinc in leukocytes by the two methods were in 
good agreement. The methods used in this study 
were not evaluated in reference to the dry-ashing 
method of liberating zinc from biological materials, 
since dry-ashing has been shown by skilled in- 
vestigators to be more subject to errors due to 
contamination and losses (2, 4, 10). 

The previously reported evidence for disturbed 
zinc metabolism in patients with liver disease is 
corroborated by the finding of low serum zinc lev- 
els in our group of cirrhotics. Our mean of 64.2 
(SD + 13.1) pg of zinc per 100 ml serum is simi- 
lar to the 66 (SD + 19) pg of zinc per 100 ml 
serum in 28 patients with advanced cirrhosis de- 
scribed by Vallee and colleagues (5), and the 64.4 
(SD + 19.0) pg zinc per 100 ml serum in 12 
cirrhotics reported by Rechenberger (6). 

The definitely decreased levels of zinc in the 
leukocytes of our patients with cirrhosis afford the 
first direct evidence that the disturbance of zinc 
metabolism in cirrhosis is reflected by changes of 
intracellular zinc. Knowledge concerning the 
zinc in leukocytes is limited. A zinc metallopro- 
tein, estimated to account for 80 per cent of their 
zinc, has been described, but no biochemical func- 
tion has been ascribed to it (12). The activity in 
leukocytes of carboxypeptidase and certain de- 
hydrogenases, which are known to be zinc metal- 
loenzymes in other animal and plant tissues, does 
not correlate with the zinc content of human white 
cells (12). Leukocyte alkaline phosphatase is also 
thought to be a zinc metalloenzyme (13), but stud- 
ies in this laboratory have not shown any rela- 
tionship between leukocyte alkaline phosphatase 
activity and leukocyte zinc values. Indeed, no cor- 
relation of zinc levels in leukocytes with any enzy- 
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matic or other biochemical aberrations has yet been 
established. However, it seems most reasonable 
to suspect that the significance of abnormalities in 
zinc levels is dependent upon a zinc metalloenzyme. 
Correlative trace metal analysis and enzymatic 
studies of the easily biopsied leukocytes offer a 
likely route to the understanding of the biochemi- 
cal and physiological roles of zinc in the human 
organism. 

Our most advanced knowledge concerning zinc 
in huimans relates to erythrocytes. There is ex- 
cellent evidence that the level of zinc is directly 
related to the activity and the content of the zinc 
metalloenzyme, carbonic anhydrase, in the red 
cells (10, 14, 15). Therefore, the erythrocyte 
zinc values for the cirrhotic patients might be as- 
sumed to correlate with their carbonic anhydrase 
activity, but they can not be correlated with the de- 
gree of anemia, with the severity of the illness as 
judged by clinical or biochemical findings, or with 
the serum or leukocyte zinc values. These sub- 


to supra-normal levels of red cell zinc tend to cor- 
relate with the mean corpuscular volumes of the 
erythrocyte samples. A marked elevation of zinc 
per erythrocyte in pernicious anemia has been 


demonstrated by several investigators (10, 14-17), 
but the elevation in this disease exceeds the level 
that might be anticipated on the basis of macrocy- 
tosis alone. It has been stated that the unit red 
cell zinc is normal in other anemias, with the pos- 
sible exception of sickle cell anemia (16). Since 
this study has not shown a conclusive correla- 
tion of unit erythrocyte zinc to cell size, further 
study is necessary to clarify this relationship. 


SUMMARY 


1. An acid extraction method of liberating zinc 
for determination by a dithizone method has been 
applied to the study of leukocytes, and evidence for 
its reliability has been offered. 

2. Normal values for zinc in human leukocytes 
and erythrocytes, using the method, are reported. 

3. A decrease of serum zine concentration in 
cirrhosis is confirmed, and the evidence for dis- 
turbed zinc metabolism in these cases is extended 
by the finding of decreased intracellular zine in 
the leukocytes of these patients. 

4. Erythrocyte zinc ranges from below to above 
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normal in the group of cirrhotics, apparently vary- 
ing directly with mean corpuscular volume. 

5. The biochemical and physiological signifi- 
cance of zinc in leukocytes and of the disturbed 
zinc metabolism in patients with cirrhosis re- 
mains to be defined. 
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Abnormal calcification is readily identified both 
grossly and microscopically in the atherosclerotic 
plaques of aging human aortic intima (1). Con- 
currently, and frequently independently, consider- 
able amounts of calcium are deposited in the me- 
dia. This deposition need not occur in regions of 
prior lipid deposition (2) ; indeed, even in the ab- 
sence of atherosclerosis, the calcium content of 
aorta has been found to increase with age (3). 

Such calcific deposits, mainly from athero- 
sclerotic plaques, have been studied by Carlstrém, 
Engfeldt, Engstrom and Ringertz (4), who ten- 
tatively identified the crystallites as hydroxyapatite 
(Ca,,(PO,),(OH.). Their studies have indi- 
cated that the X-ray diffraction powder pattern of 
grossly visible plaques is essentially similar to that 
given by bone. Further studies have indicated 
that the dry mass of human arterial wall is great- 
est in the media, at a region where elastin is the 
predominant fiber (5). It appeared possible, 
therefore, that the hydroxyapatite crystallites might 
be associated with aortic elastin residue (2). 

Elastin is generally separated from the other 
proteins of aorta by virtue of its marked insolubility 
in dilute alkali (6), formic acid (7) or hot water 
(8). Each of these methods has been used to 
separate elastin residues of relatively similar prop- 
erties and amino acid composition, although the 
relationship these products bear to the native pro- 
tein is by no means clear (7). Such products 
have been studied by chemical analysis (2) and 
electron microscopy (9), recently aided by the 

* This work was aided by grants from the United 
States Public Health Service (M-2022) and from the 
Armed Forces Epidemiological Board (DA-49-007-MD- 
590). 

+ Present address: Strangeways Research Laboratory, 
Cambridge, England. Part of this work was done while 
the author was a Fellow of the Arthritis and Rheuma- 
tism Foundation (1958-1959). 


solubilization of elastin by a relatively specific 
pancreatic enzyme, elastase (10). The current 
study was undertaken to demonstrate the presence 
of crystallites in human aortic elastin residues 
(AER) by means of X-ray diffraction analysis. 
Elastin was prepared from aortas obtained at ne- 
cropsy from individuals aged 8 to 86. In order 
to demonstrate the possible association of hydroxy- 
apatite with elastin rather than with other con- 
nective tissue elements, a form of extraction was 
employed which would separate elastin on the basis 
of its insolubility in water at autoclave tempera- 
tures, 
MATERIALS AND METHODS 


Preparation of aortic elastin residues... Human aortas 
were obtained within 24 hours after death from the 
Office of the Chief Medical Examiner, New York City. 
Only samples free of moderate to marked intimal plaque 
formation were employed. The intima-media portion 
was stripped from the adventitia as in the preparations of 
Kirk and Dyrbye (11) at 4° C. Immediately thereafter, 
this portion (from aortic root to bifurcation of iliac ves- 
sels) was diced into 0.5 cm*® segments, washed 3 times 
with ice cold physiologic saline (0.9 per cent) by cen- 
trifugation in the cold, blotted dry until no further mois- 
ture could be observed on Whatman no. 1 filter paper, 
and weighed. This was designated the wet weight. 
Next, these wet aortic slices (6.0 g) were placed in ab- 
sclute ethanol (250 ml) and homogenized in the baffled 
flask (500 ml) of a VirTis 45 homogenizer for 10 min- 
utes at top speed (rated at 45,000 rpm) employing the 
twin-blade attachment. An ice bath kept the tempera- 
ture below 10° C. The disintegrated aorta and ethanol 
were centrifuged at 2,000 rpm for 20 minutes, and the 
residue washed 3 times each with absolute ethanol and 
ethyl ether, then dried in vacuo over CaCl, to a constant 
weight designated as the dry weight. (During this pro- 
1The term “aortic elastin residue” is employed to 
distinguish the final product from that obtained by Lans- 
ing (2). In the present study, sections of intima as well 
as of media have been employed to include crystallites 
associated with the elastic membranes of aortic intima 
in the material finally examined by X-ray analysis. 
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WHOLE, DRIED AORTIC POWDER 


Homogenized 30 min in H2O 


Supernatant 


FRACTION A 


(Acid mucopolysaccharide, 
water soluble proteins) 


Supernatant 
FRACTION C 


(Collagen as gelatin, 
neutral polysaccharides) 


Centrifuged 
Pret. 
RESIDUE 1 
Heated in autoclave 


at 20 pounds, 3 hours, 
centrifuged 


FRACTION E, AORTIC ELASTIN RESIDUE* 


Supernatant 
PPT. with 80°, ethanol 
FRACTION ES 
(Soluble protein 
derived from elastin) 
* Used in most X-ray diffraction analyses. 


Fic. 1. OUTLINE OF 
cedure, designed to dry and defat the specimens, a yellow 
color was imparted to the ethanol during homogeniza- 
tion, and to the first two ethanol washes.) Designated 
as dried aortic powder, this product, stored at room tem- 
perature, was used for further fractionation as late as 
one year after preparation. To determine whether dif- 
ferences in the nature of aortic elastin residues would ap- 
pear between dried and fresh aortas, in several early ex- 
periments the wet aortic slices (6.0 g) were placed di- 
rectly in the homogenizer with distilled water (280 ml). 
They were then immediately carried through the frac- 
tionation procedure described below. 

Further fractionation? of powdered aorta 
ried out after portions had been allowed to stand with 
distilled water (2.0 ¢ per 80 ml) at 4° C for 16 hours 
to rehydrate (Figure 1). Dried, rehydrated aortic 
powder (2.0 g) was added to distilled water (280 ml) 
in the baffled flask (500 ml) of the VirTis 45 homoge- 
nizer, which was run at top speed for 30 minutes in a 
room at 4° C. Constant replenishment of an ice bath 
kept the temperature of the homogenate below 10° C. 


Was Car- 


This procedure yielded an opaque mixture to which 
ethanol (560 ml) was added. All subsequent procedures 


2 For sake of clarity, the fractions containing the final 
product (AER) have been italicized. 


Treated with elastase, 
dialyzed, centrifuged 


PPT. 
FRACTION R 


(Protein-free 
hydroxyapatite) 


PROCEDURE USED IN PREPARING AORTIC ELASTIN RESIDUES (AER, SEE TEXT). 


were performed at room temperature (23-25° C).  Fol- 
lowing centrifugation at 2,000 rpm for 45 minutes, the 
supernatant solution was filtered through glass wool, and 
potassium (8.5 g) was added to precipitate 
polyanionic material (12). The precipitate was washed 
3 times each with absolute ethanol and ethyl ether and 
dried in vacuo over CaCl,. Judged by its metachromasia 
with toluidine blue, and precipitability by polyvalent co- 
balt salts (13), this product was presumed to contain 


acetate 


water soluble acid mucopolysaccharide-protein complexes. 
Chemical analysis of 10 samples of this fraction (Frac- 
tion A, 
ranges : 


Figure 1) gave values, as per cent, within the 
hexosamine 4.5 + 0.5, nitrogen 11.2 + 0.8, hy- 
droxyproline 0.0. 

The residue (Residue 1, Figure 1) was washed 3 times 
each with ethanol and ether and dried as above. When 
the weights of Fraction A and the elastin-containing 
Residue 1 were added, the yield was found to be 87 to 
96 per cent. The proportion of the two fractions varied 
somewhat with age. 

The dried residue was placed in distilled water (20 ml 
per g) and heated in an autoclave at 20 pounds for 3 
hours, maintaining a temperature of approximately 300° C. 
Two vol of water were added to the resultant gray sus- 
pension which was then centrifuged at 2,000 rpm for 40 


minutes. The supernatant solution was filtered, evapo- 
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rated over steam to one-fifth the original volume, pre- 
cipitated with two vol of ethanol, and dried and weighed 
in the above manner. Several samples of this material, 
designated Fraction C (Figure 1) yielded upon chemi- 
cal analysis the following, as per cent: hexosamine 2.4 + 
0.6, nitrogen 13.1 + 0.8, hydroxyproline 6.9 + 0.5. Based 
on the high hydroxyproline and hexosamine concentra- 
tions, this fraction probably contained collagen that had 
been converted to gelatin, and neutral polysaccharides. 
The residue was washed 3 times each with alcohol and 
ether, and dried as before. This product, designated 
Fraction E (Figure 1) represented AER. Fractions C 
and E were obtained in yields of 78 to 92 per cent from 
Residue 1. AER appeared as a fine white or beige 
powder which could conveniently be used for X-ray dif- 
fraction analysis. The hydroxyproline content of several 
samples was 1.3 + 0.3 per cent. While not strictly com- 
parable with elastin prepared by alkali or formic acid 
treatment, this product most closely resembled the ma- 
terial studied by Partridge, Davis and Adair (8). 
Treatment with elastase. It has been shown that treat- 
ment of elastin with elastase results in the formation of 
soluble proteins (14). To demonstrate the intimate as- 
sociation of hydroxyapatite crystallites with elastin, sam- 
ples of AER were treated with this enzyme. Were such 
association to exist, the finding of a hydroxyapatite X-ray 
diffraction pattern would be expected in the ethanol-pre- 
cipitated, nondialyzable supernatant «solution of elastase- 
treated aortic residue. In such an experiment, two sam- 
ples (100 mg) of aortic elastin residue (A, 55-39) were 
incubated in a 15 ml Erlenmeyer flask with commercially 
obtained, crystalline elastase * (20 mg) previously dis- 
solved in 5.0 ml of barbital buffer, pH 8.6, 0.1 M. Two 
similar samples without enzyme added to buffer served 
as controls. After incubation for 18 hours at 37° C in 
a constant-temperature water bath, the contents of the 
four incubation vessels were transferred quantitatively to 
dialysis bags (Visking, 14% inch) with 5 ml of additional 
buffer. The contents of the bags were dialyzed against 
distilled water (6 L) with constant stirring for 24 hours 
at 4° C. Thereafter, the contents were transferred to 
centrifuge tubes (25 ml), made up to 15 ml with distilled 
water, and spun at 3,000 rpm for 45 minutes. All resi- 
dues were washed 3 times each with alcohol and ether 
and dried as before. All supernatant solutions represent- 
ing that protein which had been made soluble, but non- 
dialyzable, by such treatment had ethanol added to 80 
After addition of 1 per cent KAc, they 
The fine pre- 


per cent vol/vol. 
were allowed to stand for 3 hours at 4° C. 
cipitates, which formed only in the tubes containing elas- 
tase-treated material, were washed and dried as above. 
It was possible that incomplete centrifugation might leave 
crystallites in the nondialyzable supernatant solutions of 
elastase-treated AER. The appearance of crystals in the 
ethanol-precipitated supernatant solutions, as disclosed by 
X-ray diffraction analysis, would in such case not be due 
to the specific action of elastase, but to a nonspecific 
precipitation of crystallites by any protein in the presence 


8 Nutritional Biochemicals, Cleveland, Ohio. 
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of ethanol. To exclude this possibility, 1.0 ml of a 1 per 
cent human serum albumin (American Red Cross) was 
added to the dialyzed supernatant solution of similar non- 
elastase-treated control samples. Following the addition 
of albumin, alcohol was added with KAc as above, and 
the precipitate which formed immediately was washed 
and dried as before. All samples were subjected to X-ray 
diffraction analysis by the powder method. 

X-ray diffraction. X-ray diffraction studies were per- 
formed in a Debye-Scherrer powder camera with a 57.3 
mm radius. The powdered residue was placed in 0.2 mm 
Lindermann glass capillary tubes and exposed for 20 
hours. Copper radiation (CuKa = 1.54 A), with a nickel 
filter, and Kodak no-screen X-ray film were used. The 
patterns were analyzed by measuring the diffraction 
angles @ corresponding to various interatomic spacings of 
the crystalline sample. The interatomic spacings d were 
computed from the Bragg equation 


ny =2 d sin 0 


where n is a whole number indicating the order of re- 
flections and \ is the wavelength of the X-rays expressed 
in A units. The intensities of the diffraction lines were 
visually estimated and the crystalline diffraction pattern 
was identified with the aid of the X-ray Powder Data 
File (formerly known as the A.S.T.M. Card Index 
System). 

It should be emphasized that a typical, sharp dif- 
fraction pattern is obtained by the powder method if the 
crystallites of the sample are not too small (above 1,000 
A) and exhibit a regular three-dimensional periodicity of 
their atomic structure. Proteins, because of their large 
and irregular periodicity, and amorphous materials, be- 
cause of the absence of three-dimensional periodicity, do 
not give rise to conventional powder diffraction patterns. 
These materials exhibit only diffuse halos near the pri- 
mary beam. 

Analyses. Nitrogen was determined by the Kjeldahl 
method, hexosamine by the method of Schloss (15). Hy- 
droxyproline was determined by the method of Troll and 
Cannan (16). Elemental analyses for calcium and car- 
bon were performed by Dr. Carl Tiedcke of Teaneck, N. J. 


RESULTS 


Analytic and X-ray studies of whole aortic resi- 
dues. The analytic and gravimetric data obtained 
from nine samples of AER are listed in Table I. 
The last two columns indicate a visual estimate of 
the relative amounts of protein and crystalline 
matter observed by X-ray diffraction analysis. 
Dry weight of the samples was relatively con- 
stant, averaging 24 per cent of the wet weight, and 
did not vary appreciably with age. There was a 
trend toward a weight increase in AER with ad- 
vancing age. It is apparent that while the nitrogen 
content decreased with advancing age, the per- 
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Fic. 2. 
hours’ exposure.) 1, Age 8 years. 2, Age 30. 
of hydroxyapatite (Ca (PO,),(OH).]. 
text). 
apatite. 
centage of calcium rose markedly. Similarly, the 
carbon content varied inversely with age. 

AER obtained from individuals aged 8, 28, 30 
and 37 years did not exhibit crystalline diffraction 
patterns but showed strong, diffuse haloes charac- 
teristic of a high protein content (Figure 2, nos. 
1-3). 
the high nitrogen and carbon content of these sam- 
ples. The first crystalline pattern was given by 
the elastin residue extracted from the aorta of a 
41 year old woman (Figure 2, no. 4). Despite 
the strong, diffuse scattering associated with the 
high protein content of the specimen, a diffraction 


This finding was in good agreement with 


pattern emerged which could be identified as hy- 


X-RAY DIFFRACTION POWDER PATTERNS OF HUMAN AORTIC ELASTIN RESIDUES. 
3, Age 37. 4, Age 41 [arrows indicate the faint crystalline pattern 
5, Age 80, 24 hour exposure. 
7, Identical with 6, but with superimposed single crystal patterns which could not be identified as hydroxy- 
8, Age 86, prepared from dried aortic powder (see text). 


(CuKa radiation, filter, 29 


6, Age 86, prepared from fresh aorta (see 


droxyapatite-like. (The techniques employed are 
not capable of distinguishing unequivocally be- 
tween hydroxyapatite and closely related apatites 
and their solid solutions. For instance, fluorapa- 
tite and tribasic calcium phosphate give closely 
similar patterns, but the former may be excluded 
from human material, and patterns given by tri- 
hasic calcium phosphate agree less well with the 
observed data in Table II. For these reasons, 
the observed pattern will be referred to as hy- 
droxyapatite. ) 

In elastin residues prepared from the aortas 
of individuals aged 63, 80 and 86, the diffuse pro- 
Con- 


tein scattering was definitely decreased. 
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Fic. 2—Continued 


TABLE I 


. . . 68 . . 
Analytic and gravimetric data for nine isolated human aortic residues * 


Analytic values of elastin 
— —- - - X-ray diffraction pattern 
Whole Elastin Hex- 
Sample é aorta residue Nitrogen Calcium Carbon  osamine Protein Crystal 


49.6 
49.6 
47.5 


% dry weight 
§5-15 54.0 
55-38 48.3 
55-20 49.4 
49.0 
45 53.0 
16 62.9 
32 59.0 
39 62.9 
Az 55-39f : 68.4 


noo 

30 be 
++++ 
++++4++4+ 


48.7 
41.5 
29.1 
52.3 


__ ™ The last two columns refer to the relative strength of protein and hydroxyapatite patterns as seen in X-ray diffrac- 
tion patterns. These are graded from 0 (absent) to +++ + (marked) and were estimated visually (see Figures 2 and 
3). 

t Prepared directly from sample 55-39 without prior drying. 
} Single crystal patterns superimposed upon diffraction lines. 


|- 
3 
16.3 0 
16.8 0 
15.8 0 
: 15.4 0 
: if 1 3.9 + + > 
+++ 
.3 0.4 
+ 
i 


Hydroxy- 
apatitet 
(Hexagonal 
ao =9.42 
co =6.88) 


Ai55-39 A155-52 


8.17 VW 7.09 838 VW 8.14 VW 
5.26VW S.18VW 5.18 W 5.14 M 
407 VW 4.14 VW 

3.88 VW 3.93 VW 
3.51 VW 3.57 3.54. S 
oat W S40 342 S 342 5S 
317 VW 3.146 W 3.17 W 3.17 S 
3.08 VW 3.07 VW 3.11 VW 

2.81 VS 2.84 W 2.85 M_ 2.86 VS 
299 Vs Vs 

241 W 2H 

2.63VW 2.63 VW 2.63 VW 

253 VW 249VW 2.53 VW 2.53 M 
2.26 W 2.25VW 2.25VW 2.24 VW 
21SVW 213 VW 215 VW 2.15 VW 
2.07 VW 2.06 VW 

2.00 VW 2.01 VW 2.00 VW 
194 W 1.95 W 1.94 W 

1.89 VW 1.91 VW 1.91 VW 
1.84 W 1.85 W_ 1.84 W 1.88 VW 


1.72 : 1.72 
313 1.61 VW 165VW 1.65 VW 
501 1.59 VW 1.56 VW 
331 1.53 VW 1.54 VW 1.53 W 


* Intensities estimated visually: very strong (VS) = 
= 30-50, very weak (VW) = <20. 


comitantly, the diffraction pattern of hydroxyapa- 
tite became more conspicuous ( Figure 2, nos. 5-8). 

The d spacings and corresponding intensities of 
all samples analyzed are given in Table II. These 
are compared with a standard diffraction pat- 
tern of hydroxyapatite from the X-ray powder 
data file. It will be seen that virtually all lines 
are in close agreement with those of the stand- 
ard pattern. The slight deviations in d spacings 
observed in some of the samples may indicate the 
presence of solid solutions of hydroxyapatite as 
postulated by Posner and Stephenson (17). 

One preparation derived from an 86 year old 
woman, (Figure 2, no. 7) exhibited, superimposed 
upon the powder pattern of apatite, diffraction 
patterns characteristic of single crystals. The co- 
incidence of the single crystal diffraction spots 
with lines not belonging to the hydroxyapatite 
powder pattern indicated that they were of differ- 
ent, not yet identified, origin. All samples that 
exhibited the diffraction pattern of hydroxyapa- 
Since, as 


tite had a considerable calcium content. 
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TABLE 


d-Spacings* calculated from X-ray diffraction analysis (Powder method) of isolated 
human aortic elastin residues 


100, strong (S) = 


+ X-Ray Power Data File Card no. 9-342 (prepared by P. De Wolff), Techn. Phys. Dientst., Delft, Holland, 1959. 


II 


Human aortic elastin residues 


A155-39 
Fraction 
ES 


A155-39 
Fraction 


A155-39 
Fraction 
D 


55-45 A155-39 


8.17 VW 8.28 8.22 VW 
5.12 VW 5.08 5.09 VW 
3.99 VW 
3.85 VW 
$44 8S 342 S 346 M 342 S 
3.16VW 315 VW 3.114 VW 3.118 W 
3.09 VW 
2.84 VS 2.84 M 2.84 S 2.84 M_ 2.87 §S 
Be Vo 299 WS 280 VS. 2:79 VS 
248 3S 243.85 241 
2.63 VW 2.63 VW 2.64 VW 
2.57 VW 2.57VW 2.59VW 2.58 VW 2.58 VW 
2.27 W 2.24 W 2.27 VW 
2.16VW 2.14 W VW 
2.07 VW 2.06 W 2.07 VW 
2.00 VW 2.00 VW 
198 W 194 W 1.94 M 1.95 W 1.94 VW 
1.91 VW 1.89 VW 
184 W 1.82 M 1.84 VW 


1.71 W 1.70 W 1.72 VW 
1.60 1.60 VW 1.61 VW 
1.58 W 
1.54 W 1.54VW 1.54 W 


70-90, medium (M) = 50-70, weak (W) 


indicated above, X-ray diffraction analysis can 
only indicate the mineral content. present in crys- 
talline form, it was not unexpected that no direct 
correlation could be observed between the total cal- 
cium content determined chemically and the in- 
tensity of the diffraction lines (compare Tables | 
and IT). 

Treatment of human aortic elastin residue with 
Treatment of AER with elastase yielded 
Fraction R was a 


elastase. 
two nondialyzable fractions. 
finely powdered, white precipitate with approxi- 
mately twice the calcium and one-third the ni- 
trogen (in per cent) of the original sample (Table 
III). X-ray diffraction analysis of this fraction 
exhibited the highly resolved diffraction pattern 
shown in Figure 3, no. 10, which was virtually 
free of the diffuse scattering associated with the 
presence of protein. 

Fraction ES was formed by ethanol precipita- 
tion of the nondialyzable supernatant solution re- 
sulting from elastase treatment of AER. This 
material was flocculent and finally fibrous, but en- 
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tirely white, whereas the original residue was 
slightly beige. When subjected to X-ray dif- 
fraction analysis, in addition to the expected pro- 
tein scattering, Fraction ES showed a _ pattern 
readily identified as hydroxyapatite (Figure 3, no. 
11). In order to demonstrate that the hydroxy- 
apatite crystallites in Fraction ES were bound to 
protein, it was necessary to show that they would 
not remain in the supernatant fraction if they were 
unassociated with nondialyzable material. 
ration might have occurred if larger crystallites 
were to precipitate during centrifugation, leaving 
the finer crystallites to float in the supernatant. 
Consequently, a diffraction pattern was obtained 
without rotating the specimen. It 


Sepa- 


may be seen 


Pic. 3. 
exposure. ) 


X-RAY DIFFRACTION PATTERNS OF 


9, Elastin residue 


POW DER 


Insoluble precipitate of another sample of A, 55-39 after elastase digestion and subsequent dialysis. 
pearance of the diffuse diffraction halo associated with protein (Fraction R, Figure 1). 
noncalyzable supernatant of sample A, 55-39 after elastase digestion. 
indicated by arrows, and the prominent diffraction halo associated with protein (Fraction ES, Figure 1). 
Pattern obtained without rotation of specimen. 


tical sample as 3. 
size of the sample is between 0.5 and 5 u. 


HUMAN AORTIC RESIDUES. 
(A, 55-39) incubated in barbital buffer and dialyzed (Fraction D, Figure 1). 10, 


1663 


in Figure 3, no. 1la, that the lines are just as con- 
tinuous as in the rotated specimen, This indicated 
that the crystallite size was of the order of mag- 
nitude of 0.5 to 5 ». Larger crystallites would 
have given distinct spots of single crystals. Frac- 
tion R also yielded a diffraction pattern with con- 
tinuous lines when the specimen was examined 
without rotation. This would imply that super- 
natant and precipitate were not separated on the 
basis of crystallite size. 

Control samples carried through this procedure, 
save for the substitution of inert buffer for elastase, 
yielded only one fraction (Fraction D, Tables II 
and III). 
with that of the starting material by chemical and 


This fraction was essentially identical 


(CuKa radiation, nickel filter, 20 hrs. 


Note the disap- 
11, Ethanol-precipitated, 
Note the characteristic hydroxyapatite pattern, 
lla, Iden- 


The continuous lines indicate that the crystallite 
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TABLE III 


Treatment of aortic elastin residue with elastase (sample A,55—39) * 


Yield 


Sample Symbol elastin Calcium 


28.2 


Original elastin 
24.5 


Dialyzed elastin 

Elastase-treated, 
nondialyzable R 
residue 

Elastase-treated, 
nondialyzable ES 
supernatant 


D 89.8 


23.1 53.9 


X-ray diffraction pattern 


Protein 


Crystal 


Nitrogen Cc 
+ + 
+ + 
0 +++ 


+4+4++4 + 


* After dialysis of the digestion products, centrifugation yielded the fractions R and ES; Fraction ES was reprecipi- 


tated with 80% vol/vol ethanol from the supernatant of such a dialyzed digestion mixture (Figure 3). 


intensities are as graded in Table I. 


X-ray diffraction analysis (Figure 3, no.9). The 
supernatant of this fraction did not yield a precipi- 
tate upon the addition of alcohol. When, however, 
albumin was first added to the supernatant of a 
similar control preparation, a precipitate readily 
formed upon the addition of ethanol to 80 per cent 
vol/vol. This precipitate did not show a crystal- 
line pattern, but merely displayed the expected, 
diffuse protein scattering. 

Samples of reprecipitated gelatin formed from 
the collagen of aorta at autoclave temperature 
(Fraction C) were also subject to X-ray diffrac- 
tion analysis, as were samples of acid mucopoly- 
saccharide-protein complexes (Fraction A) which 
were extracted by the initial homogenization in 
cold water. No trace of a crystalline pattern was 
obtained from these fractions, consequently any 
close structural bond (not disrupted by the iso- 
lation procedure) between hydroxyapatite and 
materials in these fractions appeared to have been 
excluded. 

DISCUSSION 


These studies confirm the presence of a hy- 
droxyapatite as the principal crystallite of human 
aorta. In addition, they provide evidence that 
this mineral may be closely associated with iso- 
lated elastin, rather than with collagen, polysac- 
charide or lipid. The AER, isolated by the pro- 
cedure detailed above, showed an increase of cal- 
cium and a decrease of nitrogen (expressed as per 
cent) with increasing age. These findings are in 
agreement with those of Lansing, Alex and Rosen- 
thal (3), although the yields and percentages of 
calcium differ from those reported by them. This 


X-ray diffraction 


difference is undoubtedly due to the inclusion in 
our specimens of intimal calcific deposits. X-ray 
diffraction analysis of AER has shown a decrease 
of protein content, coincident with an increase of 
crystalline hydroxyapatite with advancing age. 
These changes are probably related to the chemical 
modifications described above. 

The intimate structural association of hydroxy- 
apatite with elastin has been established by the 
following evidence. 

1, Isolated AER gave the characteristic X-ray 
diffraction pattern of hydroxyapatite, while neither 
collagen prepared as gelatin, nor water-soluble 
polysaccharide fractions yielded crystalline pat- 
terns. 

2. Elastase treatment of AER liberated into the 
supernatant solution of the digestion mixtures a 
nondialyzable protein, which, upon ethanol pre- 
cipitation, showed hydroxyapatite structure on 
X-ray diffraction analysis. 

3. Powder diagrams of samples not rotated in 
the camera served to exclude the possibility that 
the crystallites floating in the supernatant solution 
were separated from those in the precipitate on the 
basis of size alone. Since insoluble hydroxyapatite 
could not be found in the aqueous supernatant of 
suspensions of elastin not treated with elastase, 
intimate bonds between elastin and these small 
hydroxyapatite crystallites were presumed to ex- 
ist. Probably these are strong molecular forces 
between protein and crystal, since they survive 
autoclave conditions, 

4. The coincidental precipitation of small hy- 
droxyapatite crystals floating in suspensions of 


| 
| 
= . 
ry 
| 
| 
| 
3 
3 
be 
| 
| 
| 
= 
rs 3 : 
: 
& 
ae 


X-RAY DIFFRACTION STUDY OF AORTIC ELASTIN 


dialyzed elastin by another soluble protein such 
as albumin has not been observed. 

Postulation of elastin-mineral association would 
not exclude a much weaker, yet physiologically 
significant association of hydroxyapatite with col- 
lagen or lipid which would be disrupted by an ex- 
traction procedure involving fat solvents and au- 
toclave temperatures. Indeed, were extraction 
to break such forces, insoluble hydroxyapatite 
crystallites would be found in the elastin fractions 
as finally isolated. 

Increased crystallinity of aortic elastin with ag- 
ing may be sufficient to account for the embrittle- 
ment thought to be responsible for hemodynamic 
changes in the aging aorta, whose elastic proper- 
ties have been attributed to macromolecular ag- 
gregation (18). Crystallization in polymeric sub- 
stances usually diminishes their elastic properties.* 
Examples of this phenomenon are found in nat- 
ural and synthetic rubbers, as well as in synthetic 
fibers. Crystallization of such polymers was found 
to be associated with an increase of stiffness. A 
tenfold increase in Young’s modulus during crys- 
tallization was shown in results obtained on un- 
vulcanized rubber as well as on Neoprene (19). 
Impregnation of fibrous proteins by many small 
crystallites would thus increase brittleness by the 
formation of anchor-points for elastin fibers, with 
a concomitant decrease of their rubber-like mo- 
bility. Amorphous deposits do not show these 
effects, whereas crystallites by means of secondary 
valence forces (e.g., hydrogen bonds), can estab- 
lish firm linkages with fibers and thus establish 
anchor-points (19). In view of these functional 
considerations, studies of crystallinity may be more 
fruitful in the study of aging tissues than simple 
chemical analysis which does not distinguish be- 
tween crystalline and amorphous deposits of min- 
eral. 

Further quantitative studies of the crystal-fiber 
relationship in blood vessel wall seem appropriate. 
Since the number and size of crystallites are of 
vital importance in determining strength and 
elastic properties of analogous polymer systems, 
techniques such as low-angle X-ray scattering 


4 While this study has been concerned with the deposi- 
tion and/or formation of mineral crystal upon a polymer, 
polymers themselves may exhibit crystallinity under ap- 
propriate conditions. The resultant loss of elastic proper- 
ties is essentially similar. 


1665 


and Fourier analysis of line profiles (20) should 
give valuable quantitative information in this re- 
gard. Such studies, using the elastin preparations 
described above, are now in progress. 


SUMMARY 


1. Elastin residues from human aortas have been 
prepared on the basis of their insolubility in water 


at autoclave temperature. 

2. The crystallites associated with such residues 
became prominent in aortas from older individuals 
and were identified as hydroxyapatite by X-ray 
diffraction analysis. 

3. In aortas obtained from young subjects, only 
a diffuse X-ray scattering characteristic of protein 
was observed; this scattering decreased with ad- 
vancing age. 

4. These X-ray findings paralleled a decrease in 
nitrogen and an increase in the calcium content 
of isolated aortic elastin residues with advancing 
age. 

5. The intimate structural association of hy- 
droxyapatite crystallites with elastin in aortic tis- 
sue has been demonstrated by means of elastase. 
Treatment of elastin residues with this enzyme 
caused the liberation of a protein into the non- 
dialyzable supernatant solutions of the digestion 
mixture, which upon ethanol precipitation gave 
the typical diffraction pattern of hydroxyapatite. 

6. Neither collagen nor polysaccharide fractions 
obtained from human aortas exhibited crystallite 
patterns. 
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Several investigators have documented the fact 
that chronic myelocytic leukemia (CML) is as- 
sociated with increases in serum vitamin B,, con- 
centrations which may be of the order of 20 to 40 
times the normal value (1-4). Less striking and 
less consistent elevations have been found in other 
myeloproliferative disorders. These include acute 
myelocytic leukemia (1, 3, 4), myeloid metaplasia 
(2-4), polycythemia vera associated with mye- 
locytic leukemia (4) and Di Guglielmo’s disease 
(5). Elevations have also been reported in pa- 
tients with solid tumors when there are metastases 
to the liver (3, 6). The present study was de- 
signed to investigate in vivo the role that gastro- 
intestinal absorption, plasma transport and renal 
excretion of vitamin B,, play in producing this 
abnormality. 

Previous in vivo studies have dealt with the fate 
of a large intravenously administered dose of ra- 
dioactive B,. (7,8). In the present studies a dose 
of approximately 0.5 pg of Co**B,, was chosen, 
since this is within the limits of the estimated daily 
requirement of B,, (9). Oral administration was 
used so that gastrointestinal absorption could be 
evaluated and a physiologic pattern of plasma 
concentrations and excretion could be obtained. 
Twenty-four subjects have been studied, six of 
whom had CML. 


MATERIALS AND METHODS 


Materials. 
3.0 wc per ug. 


Co*B,,! had an original specific activity of 
The biologic activity of the material used 


* Presented in part before the American Association for 
Cancer Research, 49th Annual Meeting, Philadelphia, Pa., 
April 13, 1958. 

+ Present address: Department of Biology, School of 
Science, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

t Present address: Organizaci6n Mundial de la Salud, 
Havre 30, Mexico 6, D. F., Mexico. 

1 Obtained from Merck and Co., Rahway, N. J. 


was confirmed by microbiologic assay (/actobacillus 
leichmannii) and found to agree within 93 per cent of that 
given by the manufacturer. 

Dosage and administration. The dose administered 
ranged between 0.33 and 0.56 ug of Co™B,. One sub- 
ject, J.G., received 2.7 ug. Because of the relatively 
short 72 day half-life of Co”, the calculated activity of 
the administered dose ranged between 0.3 and 1.4 uc, de- 
pending on the time of its administration. After an 
overnight fast, the subject drank the labeled vitamin 
along with 50 ml of distilled water. Breakfast was de- 
ferred for 1 hour. 

Plasma concentrations. 
was drawn from an antecubital vein at 0, 3, 4.5, 6, 9, 12, 
24, 36, 48 and 72 hours and then daily for at least 10 days. 
In a few studies, bloods were drawn at intervals up to 


Ten ml of heparinized blood 


8 weeks. Plasma was separated by centrifugation and 
transferred to a 4 ml counting vial for radioassay. 

Fecal excretion. Individual were collected in 
metal containers and were assayed for gross activity over 
the open well of a scintillation counter to evaluate the day- 
to-day pattern of excretion. Stools were then combined 
into 4-day pools and homogenized. A 100 g aliquot of 
each homogenized pool was placed in a 500 ml bottle and 
counted in the open well of a scintillation counter. A 
standard was diluted to 100 ml and counted in the same 
manner. The total fecal excretion over a 12 to 16 day 
period following administration of Co™B,, was deter- 
mined and expressed as percentage of dose administered. 
This value subtracted from 100 per cent gave the per- 


stools 


centage of dose absorbed. 

Urine excretion. Twenty-four-hour urines were col- 
lected for 14 days, 300 ml aliquots of each 24-hour speci- 
men were counted in a manner similar to that used for 
fecal homogenates. 

Radioassay. Plasma, feces and urine were counted in 
a thallium-activated sodium iodide well-type scintillation 
counter.2. Plasma samples were counted for a sufficient 
period of time to give a counting error of less than 5 
per cent. Plasma activity was at a low level but at the 
time of peak activity was always 8 to 30 SD above back- 
ground. The average background during the course of 
these studies was 183 cpm. Twelve cpm was equal to 
twice the SD of the average background. A suitably di- 
luted 4 ml standard of Co™B,, was counted each day, and 


and 


2 Nuclear Chicago scaler, model number D181, 
radiation analyzer, model number 1810. 
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the radioactivity of each plasma sample was converted to 
uug of Co™B,, per ml plasma. Fecal specimens were 
counted with an error of less than 3 per cent. Urine 
specimens were counted for 20 minutes to demonstrate 
negligible radioactivity. 

Microbiologic assay. Blood specimens from fasting 
patients were drawn on the morning of the study prior 
to administration of the tracer dose and assayed in 
quadruplicate for their B,, concentration by a modifica- 
tion, described in detail elsewhere (3), of the USP method 
using L. leichmannii, A.T.C.C. 7830. With this method 
the mean serum B,, concentration for 31 normal subjects 
was 533 wug per ml of serum with a range of 260 to 850. 

Subjects. The 24 patients chosen for this study, along 
with pertinent clinical data, are listed in Table I. All 
diagnoses were established both clinically and_histolo- 
gically. None of the patients studied had received oral 
or parenteral vitamins for at least 1 month prior to the 
study. All but 3 patients were studied during residency 
on the metabolism unit of the National Cancer Institute 
where they were fed diets of known composition. Their 
stool and urine collections were rigidly controlled ac- 
cording to previously described procedures (10). Each 
patient was ambulatory during the study. 

Subjects have been classified according to the following 
diagnoses: non-neoplastic diseases, solid tumors, myeloid 
metaplasia, chronic myelocytic leukemia, hypersplenism 
and multiple myeloma. For the most part, subjects with 
non-neoplastic diseases and solid tumors displayed find- 
ings similar to those noted by other investigators in 
normal subjects given a 0.5 wg oral dose of Co”B,, and 
therefore in the discussion are referred to as control 
subjects. 


RESULTS 


Serum B,, concentrations (Table 1) 

Four of the five patients with non-neoplastic 
disease had serum B,, concentrations within 2 SD 
of the normal mean. The fifth patient, whose 
diagnosis was primary pulmonary hypertension 
had a moderately increased serum B,, concentra- 
tion of 1,213 pug per ml. 

The five patients with solid neoplasms had a 
mean serum B,, concentration of 577 pug per ml 
and a range of 330 to 890 pug per ml. Two of the 
four patients with myeloid metaplasia had moder- 
ately increased serum B,, concentrations, The 
other two had normal concentrations. The mean 
concentration for this group was 1,129 pag per ml 
with a range of 420 to 2,100. 

The seven patients with CML (including one 
diagnosed as eosinophilic leukemia) demonstrated 
striking increases in serum B,, concentration, the 
mean concentration being 8,550 pug per ml with 
a range of 1,800 to 17,700 pug per ml. Patient 
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PLASMA CLEARANCE IN SUBJECTS WITH NORMAL SERUM B)2 


T T 


dh 


/ml PLASMA 


HOURS DAYS WEEKS 
Fic. 1. PLAsma Co*B,, CONCENTRATIONS FOLLOWING 
ORAL ADMINISTRATION TO SUBJECTS WITH A NORMAL SE- 
ruM B,. J.Q., L.S., G.M. and F.W., non-neoplastic dis- 
eases. D.S. and L.J., embryonal sarcoma. 


D.L. was in clinical and hematological remission 
and Patients J.L. and P.P. were in partial relapse 
at the time they were studied. The two patients 
with hypersplenism and pancytopenia had serum 
B,. concentrations at the lower limits of normal, 
195 and 200 pug per ml. The one subject with 
multiple myeloma had a normal serum B,, con- 
centration of 625 pug per ml. 


Gastrointestinal absorption 


Since all of the patients but J.G. received a dose 
of Co**B,, in the 0.5 yg range, the percentage of 
oral dose absorbed has been used as a basis for 
comparisons between patients. The percentage 
absorbed by each of the 24 subjects is listed in 
Table I. The mean for all of the 24 subjects was 
66.8 per cent with a range of 30 to 81 per cent. No 
significant difference between the various disease 
groups studied was noted in terms of the percent- 
age of dose absorbed. No correlation between a 
patient's serum B,, concentration and the percent- 
age of dose absorbed could be made. 

J.G., who received a dose of 2.73 pg, had an 
absorption of 71 per cent of the administered dose, 
a value not significantly different from that noted 
in the others. 


Plasma concentrations of Co**B,, 


Curves of plasma radioactivity were obtained in 
19 of the 24 patients. For the purpose of this 
study, the rate of plasma disappearance has been 
evaluated by noting the T,.* 


’ Since plasma curves had both an appearance phase 
as well as a disappearance phase, and since the disap- 
pearance phase was not exponential, the use of this term 
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TABLE I 


Clinical data on 24 subjects given an oral dose of Co**B,.; data obtained on gastrointestinal 


absorption and plasma concentration 


Diagnosis 


Partial resection of Stable 


ileum 


Primary pulmonary Stable 


hypertension 


Rheumatic heart Stable 


disease 

Weight loss 
Weight loss 
Stable 


Partially 
resected 


Subtotal gastrectomy 
Anorexia nervosa 
Embryonal sarcoma 


Hepatoma 


Prostatic carcinoma Bone 


Clinical status 


Plasma Co*Bi2 
Peak Time 
Ab- concen-_ of 
sorbed tration peak 


Dose of 


Serum Biz Co 


wug/ ml % pug/ml hrs days 


800 


WBC/mm3 
6,000 


0.37 60 3 12 4 


7,500 1,213 0.49 86 15 


10,200 550 049 69 


465 
790 
725 
462 


0.49 
0.56 
0.49 
0.49 


6,000 
8,200 
7,500 
9,000 


330 


metastases 


Embryonal sarcoma Metastases 


Pancreatic carcinoma Untreated 


Myeloid metaplasia Untreated 


Myeloid metaplasia Untreated 


Myeloid metaplasia Untreated 


Myeloid metaplasia Untreated 


Chronic myelocytic Remission 


leukemia 
Chronic myelocytic 
leukemia 


Chronic myelocytic Untreated 


leukemia 
Chronic myelocytic 
leukemia 


Chronic myelocytic Untreated 


leukemia 


Chronic myelocytic Untreated 


leukemia 


Eosinophilic leukemia Untreated 


Hypersplenism with Untreated 


pancytopenia 


Hypersplenism with Untreated 


pancytopenia 


J.M. F 60 Multiple myeloma Untreated 


* See Footnote 3 in text. 


Non-neoplastic disease and solid tumor groups. 
A grossly similar pattern of plasma radioactivity 
was noted in four patients with non-neoplastic dis- 


in the present context is somewhat unconventional. In 
the present paper ““T;” has been arbitrarily defined as 
the time interval between peak plasma radioactivity and 
the time when plasma concentration of Co™B:, falls to 
half of the peak concentration. 


Partial relapse 
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cases and in two patients with solid tumors (Fig- 
ure 1). Significant plasma radioactivity was noted 
within the first 3 to 4.5 hours after administration 
of Co*B,,. 
creased in an approximately linear manner until 


Thereafter, plasma radioactivity in- 


a peak level was attained at a mean of 9 hours 


(range, 5 to 12 hours). The peak radioactivity 
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Co 


Fic. 2, PLrasma Co™B,, FOLLOWING 
ORAL ADMINISTRATION OF 0.5 wG TO WITH 
MYELOCYTIC LEUKEMIA. L.E., eosinophilic leu- 
kemia. L.J., embryonal sarcoma, a characteristic pattern 
of subjects with a normal serum B,, included for com- 
parison. 


CONCENTRATIONS 
SUBJECTS 
CHRONIC 


was equivalent to a mean of 13 pug of Co**B,, per 
ml of plasma (range, 3 to 27 pug per ml). Sub- 
sequently, there was a gradual and quite irregular 
decline in plasma radioactivity during the next 10 
to 14 days. The T, of plasma disappearance had 
a mean value of 4 days (range, 1.5 to 7 days). 
Three of these six patients had significant radio- 
activity in their plasma for as long as 10 days after 
administration of the Co**B,.. 

A seventh patient, R.L., whose diagnosis was 
hepatoma, had a peak concentration of 13 ppg 
Co**B,, per ml of plasma. The peak, however, oc- 
curred at 35 hours. The plasma disappearance was 
also delayed with a T, of > 9 days. 

Chronic myelocytic leukemia. Figure 2 
marizes the plasma Co**B,, concentrations ob- 
served in seven patients with chronic myelocytic 
leukemia. (Subject L.E. with eosinophilic leu- 
kemia is included in this group because of his 
The initial portion of their 
was approximately 


sum- 


similar pattern.) 
plasma appearance curves 


PLASMA CLEARANCE -MYELOID METAPLASIA 
T T T | T 


Bugm B,,/mi PLASMA 


0 10 24 48 3 


HOURS WEEKS 
Fic. 3. PLasma Co*B,. CONCENTRATIONS FOLLOWING 
ORAL ADMINISTRATION OF 0.5 wG TO FOUR SUBJECTS WITH 


MYELOID METAPLASIA, 


linear and had a slope similar to that of the previ- 
ous group. At from 10 to 14 hours, however, in- 
stead of reaching a peak concentration, serial 
plasma samples continued to rise more slowly, 
resulting in a delay in reaching peak concentra- 
tions. The latter did not occur until a mean of 2 
days (range, 1 to 3 days). In general, plasma 
radioactivity also reached much higher concentra- 
tions, being equivalent to a mean of 34 pug Co™*B,. 
per ml of plasma (range, 8 to 71 py»g per ml). In 
addition, there was delayed plasma disappearance 
with a mean T, of 10.7 days (range, 4 to 15 days). 
At the end of 10 days, four of the six patients re- 
tained in their plasma 56 to 88 per cent of their 
peak plasma concentration. A plasma sample 
drawn on M.B. at 6 weeks demonstrated significant 
residual radioactivity. 

Myeloid metaplasia. 
radioactivity curves for the four patients with mye- 
loid metaplasia (Figure 3) reveals that, except for 
one subject, W.J., whose curve has the features 
noted for patients with chronic myelocytic leu- 
kemia, these patients had bizarre and irregular 
appearance and disappearance curves. They had 
a mean peak plasma concentration of 20 ppg 
Co*B,, per ml of plasma (range, 15 to 28 pug 
per ml). Because of the very irregular plasma 
disappearance, T, could not be evaluated. In gen- 
eral, however, these patients demonstrated more 
residual Co®*B,, in their plasma at the end of 10 
days than did the non-neoplastic disease-solid tu- 
mor group. 


Inspection of the plasma 


= 
1670 
— 
700 
| 
\ | 
| 
500 
| 
| 
>D.L SP. 
| 
| | 
: | — 
| 
~ 
; 
JL 
« 
01024 #483 «5 10 143 é 
HOURS DAYS WEEKS 
+ 
| 
1. 


CO*B,, KINETICS 


Others. P.K., a patient with hypersplenism and 
pancytopenia, had a plasma Co**B,, curve similar 
to the non-neoplastic disease and solid tumor 
groups. C.F., on the other hand, with hyper- 
splenism and pancytopenia, had a delayed plasma 
peak occurring at 3 days. Plasma activity was 
not studied in the single case of multiple myeloma. 


Urinary excretion of 


There was no detectable urinary excretion of 
radioactive material in the unconcentrated urine 
specimens of any of the subjects studied. Calcu- 
lations indicate that the method used in the pres- 
ent study would have detected excretion of more 
than 1 per cent of the absorbed dose per 24 hour 
urine specimen. 


DISCUSSION 


The studies indicate that gastrointestinal absorp- 
tion of B,,, as measured by the fecal excretion 
technique, is not increased in the patient with 
CML. The percentage of administered Co**B,, 
absorbed had an over-all mean of 66.8, with a 
range of 30 to 81 for the 24 subjects studied. 
These figures are in good agreement with those 
reported by Halsted and colleagues (11) who 
found that with a 0.5 yg dose of radioactive B,., 
normal subjects absorbed 43 to 95 per cent of the 
dose, with a mean of 66 and a maximum variation 
within the same patient of 18 per cent. The ab- 
sorption in seven subjects with CML in the pres- 
ent study did not differ from this range, nor was 
the amount absorbed abnormal in the two subjects 
with myeloid metaplasia and a high serum B,,. 
Heinrich and Erdmann-Oehlecker (12) have also 
found normal gastrointestinal absorption of B,. 
in one patient with CML given 1 pg of B,.. 

A corollary to these findings is that the serum 
concentration of B,, per se does not control the 
amount of B,, absorbed. Both Patient L.J., with 
a serum B,, of 725 pug per ml and Patient D.L., 
with a concentration of 17,700 pyg per ml, ab- 
sorbed approximately 80 per cent of the test dose. 
The data also indicate that the plasma concentra- 
tion of “unsaturated B,.-binding protein” does not 
greatly influence the amount of B,. absorbed, since 
plasma from patients with CML has a markedly 
increased unsaturated B,,-binding capacity (13- 


16). 
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It would appear, therefore, that the high plasma 
B,. concentrations seen in CML are not due to 
excessive gastrointestinal absorption of the vita- 
min. In addition, it is unlikely that the abnor- 
mality is caused by impaired renal excretion, since 
the total daily urinary excretion of vitamin B,, is 
normally very small, viz., about 0.1 pg per day 
(17), and Co**B,, was undetectable in the urine 
of both control and CML patients in the present 
study. 

We believe that the high B,, content of CML 
plasma is due to a relative shift of B,, from tis- 
sue sites to plasma. It can be calculated from 
known data (18) that the transfer of only 3 per 
cent of the normal liver’s content of B,, to the 
plasma compartment would be sufficient to pro- 
duce the tenfold increase in plasma B,, seen in 
CML. This possibility would, of course, be ex- 
cluded should studies reveal that CML is associ- 
ated with a high tissue content as well as high 
plasma concentration of the vitamin. Data on 
tissue concentrations of B,, in CML are limited. 
In the single autopsied case studied by Mollin and 
Ross (2) the total B,, content of liver, spleen and 
muscle was within the normal range. Nelson has 
studied the B,, content of liver tissue obtained by 
needle biopsy in two cases of myelocytic leuke- 
mia associated with a high serum B,, and found it 
to be approximately 30 per cent below that of the 
average normal control (19). 

The marked differences between control and 
CML subjects in plasma radioactivity curves fol- 
lowing oral administration of Co**B,, provide evi- 
dence for a disturbed kinetics of B,, in CML. An 
analysis of these curves necessitates a considera- 
tion of the factor involved in the absorption, plasma 
transport and distribution of B,,. These are sum- 
marized in schematic form in Figure 4. 
of gaps in our present knowledge the scheme is 


Because 


tentative. 
The delay 


hours in control patients) following an oral dose 


in peak plasma concentration (9 


of Co®*B,, has been noted by other investigators 
(20, 21) and appears to be due to a delay in the 
movement of B,, across the small bowel mucosa 
(21-23). 


ance curve for the CML patients appears to be 


The initial slope of the plasma appear- 


comparable with that of the control patients (Fig- 


ure 2) suggesting a normal rate of entry into the 
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GASTRIC MUCOSA 


GASTROINTESTINAL LUMEN 


URINE Bi2 


Fic. 4. A SCHEMATIC MODEL OF VITAMIN B,, METABO- 
LIsM. Reaction rates, (1 through 7). I.F. is intrinsic 
It is postulated that in chronic myelocytic leu- 
kemia there is an increased plasma B,, concentration be- 
cause of a relative shift of tissue stores of B,, to the 
plasma via 6 as well as increased retention of exogenous 
B,, within the plasma compartment via 3. References and 
further details are given in the Discussion. 


factor. 


plasma compartment. A greater than normal de- 
lay in peak plasma concentration (24 hours) was 
noted in the CML patients and is discussed below. 
In both the control and CML subjects the 
plasma disappearance curves had an_ irregular 
downward slope. We believe that this is due to a 
complex recycling of b,, through the plasma com- 
partment. This is supported by the accumulating 
evidence for an enterohepatic circulation of B,, 
(24, 25) as well as by the studies of Miller, Corbus 
and Sullivan (8) and Glass and Schaffer (22) 
which suggest that there is a transfer of absorbed 
B,, from plasma to unidentified compartment (s) 
prior to its eventual deposition in the liver. 
Because of the complex nature of the plasma 
radioactivity curves, in the present study T, is 
defined as the time following peak radioactivity 
when plasma radioactivity falls to and remains be- 
low half the peak concentration. The mean value 
for control and CML patients was 4 and 11 days, 
respectively. Employing an intravenous dose of 
1.5 or 4 wg of radioactive B,, Mollin, Pitney, Baker 
and Bradley (7) and Miller and colleagues (8) 
have demonstrated that in patients with CML 
there is a diminished plasma disappearance rate 
for injected B,,. The rates reported were much 
more rapid than those obtained in the present 
study and are probably due to the unphysiologic 
effects of administering a large dose of free B,. 


intravenously. This is especially true in normal 
subjects who have a relatively limited plasma un- 
saturated B,,-binding capacity (see below) and, 
therefore, might be expected to have a rapid loss 
of free B,. from the plasma. 

The slower plasma disappearance rate combined 
with the prolonged influx at a normal rate into 
the plasma from the small bowel of the tracer dose 
of Co*B,, could, by a cumulative effect, account 
for the higher than normal but more delayed peak 
plasma concentration of Co**B,, seen in the pa- 
tients with CML in the present study. In patients 
with CML, a given dose of Co**B,, enters a 
plasma B,, pool which is approximately 10 times 
normal size. Therefore, the delayed plasma disap- 
pearance of the labeled vitamin may merely repre- 
sent an isotope dilution effect. Since CML plasma 
has a high unsaturated B,.-binding capacity (13- 
16), an additional factor may be that as the tracer 
dose enters the plasma compartment a greater 
than normal fraction of it is tightly bound to 
plasma protein. 

In both normal subjects and patients with CML, 
80 to 90 per cent of total plasma B,, is tightly 
bound to an a,-globulin present in the seromucoid 
fraction of plasma (16). Since, within a few 
hours following an oral dose of Co**B,., the radio- 
active B,, appearing in plasma is also in this form 
(13) it seems reasonable to assume that, once ab- 
sorbed, an orally administered dose of Co**B,, 
rapidly equilibrates with the total plasma B,,. 
Using the previously mentioned disappearance 
rates it seems possible, therefore, to calculate the 
daily plasma turnover of vitamin B,,. For a con- 
trol subject with a plasma B,, of 0.5 mpg per ml, 
a plasma volume of 2,500 ml and a T, of four days, 
the plasma turnover would be 0.16 yg per day. 
Similar calculations for a patient with CML, as- 
suming a plasma B,, of 5 myg per ml, a plasma 
volume of 2,500 ml and a T, of 11 days, give a 
plasma turnover of 0.57 pg per day. 

If plasma turnover of B,, is indeed increased 
in CML, the abnormality in B,, metabolism may 
be more fundamental than merely a shift of tis- 
sue stores of B,, to the plasma compartment re- 
sulting from an excess of plasma B,.-binding pro- 


Clearly, the assumptions underlying the 


tein. 
calculations and the validity of the disappearance 
rates obtained bear further investigation. 
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SUMMARY 


1, Gastrointestinal absorption, plasma transport 
and urinary excretion of radioactivity following 
oral administration of 0.5 wg of Co**B,, have been 
evaluated in 24 patients, 7 of whom had chronic 
myelocytic leukemia. 

2. The amount absorbed by all subjects, as 
measured by stool excretion, had a mean of 67 
per cent. There was no correlation between diag- 
nosis or serum B,, concentration and percentage 
of dose absorbed. 

3. Subjects with non-neoplastic diseases as well 
as patients with solid tumors, all of whom had a 
normal serum B,, concentration, had a similar 
pattern of plasma clearance. Co**B,, reached a 
mean peak concentration of 13 pag per ml of 
plasma at 9 hours and fell to half the peak con- 
centration at a mean of 4 days. In seven patients 
with chronic myelocytic leukemia, Co**B,, reached 
a mean peak plasma concentration of 33 pug per 
ml at 2 days and fell to half the peak concentration 
at a mean of 11 days. 

4. No detectable urinary excretion of radio- 
active material in unconcentrated urine specimens 
was noted in any of the subjects studied. 

5. The increased serum concentration of vitamin 
B,, seen in patients with chronic myelocytic leu- 
kemia does not appear to be due to increased gas- 
trointestinal absorption or decreased urinary ex- 
cretion of the vitamin. A relative shift of B,, 
from tissue sites to plasma appears to be the most 
likely mechanism. 

6. Calculations based upon the plasma disap- 
pearance rates obtained in the present study sug- 
gest that, in addition to the increased concentra- 
tion of B,, and B,,-binding protein found in plasma 
of patients with chronic myelocytic leukemia, 

there is an increased plasma turnover of the vita- 


min in this disease. 
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Understanding of the role of the blood in amino 
acid transport and metabolism requires informa- 
tion not only about the plasma concentrations and 
turnover of these substances, but also about their 
distribution between the plasma and the formed 
elements of the blood. 

Many workers (1-4) have measured the con- 
centrations of unbound amino acids in plasma and 
several have studied their contents in erythrocytes 
(5) and leukocytes (6, 7). Simultaneous meas- 
urements of unbound amino acids in two or more 
of the blood compartments are few and limited 
(8, 9). 

The present communication describes methods 
for the measurement of concurrent concentrations 
of unbound amino acids in plasma, erythrocytes, 
leukocytes and urine, and reports the results ob- 
tained from the study of normal fasting subjects. 


METHODS 


Collection of samples. Subjects were instructed to fast 
from 7 p.m. the evening before until the blood had been 
drawn. Between 8 and 10 am., 50 to 60 ml of blood 
was collected by the method of Lund, McMenamy and 
Neville (10) using one of the following resins for de- 
calcification: Rohm and Haas anion exchange resin 
XE-114, mesh size 20 to 50, one part of which was cycled 
with ethylenediamine-tetraacetate (EDTA), two parts 
with chloride and one part uncharged; or, Rohm and 
Haas anion exchange resin XE-168, mesh size 20 to 50, 
two parts of which were cycled with EDTA, two parts 
with chloride and one part uncharged.t  Decalcified 
blood as opposed to heparin-treated or citrated blood 
gave a much better yield of leukocytes. Containers of 
the blood were immediately placed in ice water for trans- 


* Aided by Grant C-2497 from the National Cancer 
Institute, Bethesda, Md. 

1 After autoclaving, the latter resin sheds a small 
amount of a ninhydrin-positive substance with an Rf 
value between valine and a-amino-n-butyric acid; this 
substance did not interfere with the analyses. 


to the laboratory except where otherwise 
specified. Blood analyses were commenced within one- 
half hour after the blood collection. Urines were col- 
lected during the latter part of the fasting period over 
a measured time interval of 6 to 8 hours with thymol as 
preservative. 

Preparation of the plasma, erythrocytes and leukocyte 
samples for analysis. Surfaces that came in contact 
with blood or blood cells were treated to make them non- 
wettable (11). Glass was first cleaned with a deter- 
gent solution, rinsed thoroughly with water, dried, ex- 
posed for several seconds to vapors of Dri-Film 9977 
(General Electric Co., Chemical Division), flushed with 
air, and finally rinsed thoroughly with water. Metal 
surfaces were cleaned, placed in a boiling solution of 1 
per cent Arquad (Armour and Co.) for 2 minutes, then 
thoroughly rinsed with water. 

Solutions used in sample preparation were kept at 2° C 
unless otherwise stated. For plasma and erythrocyte 
analyses a 12 ml aliquot of blood was centrifuged in a 
15 ml plastic test tube at 1,700 < G for 40 minutes. Four 
ml of the plasma was removed and dialyzed by the thin 
layer technique (1), except that here the plasma was 
placed in Visking tubing, size 22/32, and dialyzed for 2 
hours against 25 ml of water. The dialysate was dried 
from the frozen state in a 25 ml round bottom flask. 

The remainder of the contents of the plastic centrifuge 
tube was frozen, the tube was then cut in two below the 
residual plasma layer and approximately 4.4 g of frozen 
red cells was weighed accurately from the plug. The 
red cells were lysed by thawing, refreezing and rethaw- 
ing, diluted to a volume of 12 ml with water, placed in- 
side Visking tubing size 23/32, and dialyzed for 2 hours 
against 40 ml of water. The dialysate of the red cells 
was agitated for several minutes with 0.5 ml freshly 
washed EDTA-chloride resin prepared as described un- 
der Collection of samples. This procedure removes ma- 
terial from the dialysate which causes spreading of the 
glutamic acid and O-phosphoethanolamine zones. It is 
filtered and dried from the frozen state in a 50 ml round 
bottom flask. 

To obtain white cells for analysis, 40 to 50 ml of blood 
from a subject with a normal count (smaller 
amounts of blood may be used from patients with ele- 
vated counts) was diluted with two parts of a 3 per 
cent dextran solution at 2° C, gently mixed for 5 minutes 
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TABLE I 


Concentration of unbound amino acids in plasma 


Standard No. of 


solution subjects Mean 


umoles/kg water 


599 + 25* 


mmoles, L 
2.14 
0.32 
0.53 


Alanine, 
a-Amino-n-butyric acid 
Arginine 

Glutamic acid 
Glutamine 

Histidine 

Lysine 

Methionine 

Ornithine 
Phenylalanine 

Proline 

Threonine 

Tryptophan 

Tyrosine 

Valine 

Ergothioneine 
Ethanolamine 

Leucine plus isoleucine 
Serine plus glycine 
Urea 


He He Ht HE 


34.4 5,382 + 267 


* Standard deviation of the mean. 

+ Estimated; see text. 

t Leucine, 0.96 mmole; isoleucine, 0.64 mmole. 
§ Serine, 1.5 mmoles; glycine, 2.77 mmoles. 


and allowed to stand 20 minutes (12). The dextran solu- 
tion contained 3 per cent dextran H (R. K. Laros and Co. 
Bethlehem, Pa.), 0.1 per cent dextrose, and 0.15 M NaCl; 
it had been filtered through Seitz filters to remove the 
insoluble particles and decalcified, since calcium leaks 
from the Seitz filters, with a column of resin (50 ml of 
the EDTA-chloride resin, described above, to 1,000 of 
After standing 20 minutes, the su- 
pernatant solution was siphoned into a 100 ml_ pear 


dextran solution 


shaped oil centrifuge tube, the tip of which had been 
modified by attachment of a Tygon plastic tube (5/16 in. 
OD, ze in. wall thickness, 2.5 in. long) with the lower 
end thermally sealed. The solution was centrifuged at 
100 x G for 1 hour. The white cell layer was cut from 
the tube and suspended in 0.5 ml of a 1 per cent acetyl- 
ated human serum albumin solution in 0.15 M NaCl. The 
albumin was mildly acetylated using conditions described 
for Experiment 135 DI, Table I (13), to prevent its bind- 
ing of tryptophan. The white cell counts and _ platelet 
counts were made in quadruplicate on aliquots of the 
plug suspension. A recovery of 70 to 90 per cent of the 
white obtained. The plug suspension con- 
tained less than 5 per cent of the total blood platelets. 
differential counts made on the plug suspension and 
whole blood did not vary significantly. An aliquot of 
the plug suspension was centrifuged in a microtube for 20 


cells was 


*A dextran (grade H, clinical, lot H 1257) was re- 
cently obtained from Laros and Co.; it is free of insolu- 


ble particles and can be used without filtering and de- 
calcification. This type was not used in the experiments 


reported here. 


minutes at 7,800 x G using the centrifuge described by 
Gold and Solomon (14). The relative volume of packed 
white cells was taken as the volume fraction of cells in 
the plug suspension. 

The volume of the remainder of the plug suspension, 
usually 0.6 to 0.8 ml, was measured and made up to 2 
ml with water. The cells were lysed by freezing and 
thawing and dialyzed in Visking tubing size 22/32 for 2 
hours against 25 ml of water by the thin layer technique. 
The dialysate was treated with resin in the same manner 
as was described for the erythrocyte dialysates and dried 
from the frozen state in a 25 ml round bottom flask. 

The residues of the dialysates from the plasma were 
dissolved in 0.345 ml of Tergitol-Safranin solution, the 
composition of which was as follows: 0.05 per cent 
Tergitol Nonionic NPX (Carbide and Carbon Chemical 
Co.), 0.005 per cent Safranin O dye (National Aniline 
Division, Allied Chemical and Dye Corp.) and 0.4 per 
cent EDTA trisodium salt. The wetting agent in this 
solution facilitates dissolving the residue in the flask 
and makes micropipetting more reproducible; the dye 
serves as a marker to aid in counting the multiple appli- 
cations of the concentrates placed on the papers; EDTA 
is added as a general precaution to prevent the inter- 
ference of bivalent chromatography. The 
residues of the dialysates of the erythrocytes were dis- 
solved in the Tergitol-Safranin solution on the basis of 
0.054 ml per g packed cells dialyzed. The residues of 
the dialysates of the leukocytes were dissolved in the 
Tergitol-Safranin solution on the basis of 0.862 ml per 
ml of packed cells dialyzed. In the calculations, a 14.7 
per cent increase in volume of the Tergitol-Safranin 
solution was allowed for the salts present. ‘ 

Preparation of the urine samples for analysis. An ali- 
quot of urine equivalent to a 12 minute excretion pe- 
riod was passed at 2° C through a resin column con- 
taining 4 ml of wet resin of the same type and prepared 
in the same manner as the resin used for the collection 
of blood. The flow rate was adjusted to about 1 ml per 
minute. The column was washed with a 10 mM _ solu- 
tion of NaCl to give a total volume of effluent and wash 
of 40 ml. The resin step removes substances from the 
urine which might otherwise precipitate when the urine 
is concentrated and interfere with chromatography ; 
amino acids were not retained by the resin. A sample 
of the mixed urine and wash solution was removed for 
total amino acid estimation (see below). The re- 
mainder was lyophilized in a 50 ml round bottom flask. 

Concentrations of unbound amino acids in urine vary 
considerably. In order to estimate the approximate con- 
centration for chromatography, a 50 ul aliquot of the 
mixed urine and resin wash was placed on Whatman no. 


cations in 


1 paper which had previously been dipped in 0.1 per cent 
NaOH 
tions of alanine at concentrations of 0.5, 1, 2 and 4 mM 


solution and dried. Fifty wl aliquots of solu- 


were placed in the vicinity of the samples. The paper 
was dipped in the ninhydrin reagent, less collidine (1), 
and placed in an oven for 15 minutes at 60° C for color 


development. Where the intensity of the zone of the 
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11 28 + 3 
13 68 + 6 
194 15 <28 
0.74 12 89 + 9 
1.88 15 204 + 13 
0.85 11 858 
ve 0.53 14 54 4 
1.07 15 185 
1.39 15 165 6 
0.43 15 (1 
0.74 15 70 
1.49 15 203 11 
2.07. 15 <10 
0.74 15 <10 
1.60t 13 202 + 18 
be 
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TABLE II 


Urinary amino acid excretion rates of normal subjects (umoles per hour) 


No. of 
subjects 


Standard 
solution 
mmoles/L 
Alanine 15 
a-Amino-n-butyric acid 
Arginine 
Aspartic acid 
Glutamic acid 
Glutamine 
Histidine 
Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Ethanolamine 
Guanidoacetic acid 
Leucine plus isoleucine 
Serine plus glycine 
Taurine 
Urea 1,000.0 


5 
15 
8 


* Stein’s values, 8 subjects (19). 

+ Includes the methyl! histidines. 

t Leucine, 2.0 mmoles; isoleucine, 1.5 mmoles. 
§ Serine, 3.0 mmoles; glycine, 7.0 mmoles. 


sample was between that of the 0.5 and 1 mM alanine 
standard, the dried residue from the urine was dissolved 
in 0.5 ml of the above described Tergitol-Safranin dye 
solution; where the intensity was between the 1 and 2 
mM standard, it was dissolved in 1 ml of the Tergitol- 
Safranin solution; and where it was between the 2 and 
4 mM standards, it was dissolved in 2 ml of the solution. 

Results showed that the salts and other substances that 
dissolved in the Tergitol-Safranin solution increased its 
volume approximately 20 per cent. This increase in 
volume was not measured in each case but was assumed, 
and in the calculations appropriate corrections were made. 

Chromatography. The developing solutions and stain- 
ing reagents were the same as used in our earlier method 
for plasma amino acid determinations except for the fol- 
lowing: a) 2, 4 and 8 ul aliquots of samples and 2, 3, 4, 6 
and 8 wl aliquots of standard solution were placed on the 
chromatograms; >) S and S paper no. 589 (green rib- 
bon) was used for the amino acid analysis determined 
by the ninhydrin-collidine and the isatin reagents; c) the 
determination of glycine with Solvent B (1) was omitted, 
since quantitative estimates made from chromatograms 
developed in this solvent have been found to be poor; 
furthermore, when taurine is present in large amounts, 
it interferes with the glycine zone. d) p-Dimethylamino- 
cinnamaldehyde was used in lieu of p-dimethylamino- 
benzaldehyde in Ehrlich’s reagent (15); and e) all pe- 
riods of 16 hour development, except for the paper used 
to determine histidine and tyrosine, were reduced to 6 


Nonfasting urines 
(resin column)* 


6.7-16.3 
46.0-135.0 
24.1 28.4-100.0 
11,450.0 


hours. It was found that substances on the chromato- 


_ grams gave more intense stains after a 6 hour develop- 


ment period than after a 16 hour period; this modifica- 
tion, however, was a compromise since leucine and iso- 
leucine were not resolved separately in the shorter time 
interval. The composition of the standard amino acid 
solution used for plasma, red cells and white cells is 
given in Table I; that for the urine amino acid deter- 
minations is given in Table II.* To minimize deteriora- 
tion of the standard solution, 5 ml aliquots were freeze- 
dried and stored at —5° C. Glutamine, which was not 
stable in the presence of other amino acids in the dried 
preparations, and urea, which caused difficulty in drying 
of the amino acid solutions, were added to the Tergitol- 
Safranin solution which was used to reconstitute dried 
aliquots of the standard at approximately monthly 
intervals. 

Estimations of the concentrations of the compounds 
were as previously described (1). The taurine concen- 
tration in the white cells was estimated by using the 
serine and glycine zone of the standard. The concen- 
tration of arginine, which has the same Rf value as taurine, 


3 All compounds were obtained from Mann Research 
Laboratories, New York, N. Y., except urea which was 
obtained from Merck and Co., Rahway, N. J., and 
ethanolamine which was obtained from Fisher Scientific 
Co., New York, N. Y. The compounds were dried tn 
vacuo prior to weighing. 
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| Mean Range Mean Range 
7.8 3.0-16.0 21.6 9.4-33.0 
<2.0 
<1.0 <24 
<1.0 <3.0 
<1.0 <3.0 
17.1 6.0-28.0 
32.4+ 6.0-80.0 102.0¢ 41.0-138.0 
8.4 3.3-22.0 5.4 2.9-14.2 
<1.0 <3.0 
<2.0 
<1.0 <3.5 
7.6 4.2-22.0 9.8 5.2-17.5 
<1.7 <0.5-5.0 
3.1 1.5-6.0 8.0 3.5-11.5 
<2.0 <3.5 
14.1 7.8-24.0 
9.6 4.0-20.0 
| 
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was found to be very low in the cells and its contribution 
to the intensity of the taurine zone was negligible; this 
was always confirmed by the Sakaguchi test. The con- 
centration of O-phosphoethanolamine, which in Solvent 
A (1) has an Rf value approximately one-half that of 
glutamic acid, was estimated on the chromatograms de- 
veloped 64 hours using the glutamic acid zone as a 
standard. Ergothioneine concentration was estimated on 
the papers treated with Pauly’s reagent; its Rf value was 
slightly faster than histidine. Ethanolamine and B-amino 
isobutyric acid concentrations were estimated on the pa- 
pers treated with the ninhydrin-collidine reagent after 6 
hours’ development. The Rf value of ethanolamine was 
slightly faster than valine; the Rf value of B-amino iso- 
butyric acid was slightly faster than alanine. The con- 
centration of guanidoacetic acid was determined by the 
Sakaguchi test; its Rf value was slightly faster than 
arginine. Glutathionine and diglutathionine, both major 
ninhydrin-positive components of erythrocytes, did not 
move from the origin of application on chromatograms 
developed in Solvent A and were not determined. His- 
tidine and methyl histidines (the latter are present in 
moderate amounts in urine) are reported as a com- 
bined value, since the isopropanol solvent does not re- 
solve these compounds. 

To express the amino acid values on the basis of a 
kilogram of water, plasma was taken to be 92 per cent 
and leukocytes 74 per cent water by volume. The eryth- 
rocytes were taken to be 65 per cent and urine 100 per 
cent water by weight. 

Statistics. The individual amino acid values found in 
the study of the plasma, erythrocytes and leukocytes were 
assumed to be normally distributed. This assumption was 
reasonably satisfactory in most instances. In some leu- 
kocyte analyses, a skew distribution was evident for 
substances in low concentration. No attempt was made 
to adjust for this, since its effect was never such as to 
invalidate any of the conclusions drawn. Skewness was 
of such magnitude in some of the urine studies that 
ranges of the excretion rates were given rather than an 
expression of variability by a standard deviation nota- 
tion. 


The test statistic t = was used to 


Vsx2/nx + sy2/ny 
determine whether the mean of one sample population 
was equal to the mean of another sample population (16). 
The degree of freedom for this test statistic (referred 
to hereafter as the f test) was obtained from the form- 


ula: 
(sx2/nx + sy?/ny)? 
sx*/nx? 


(ny + 1) 


sy*/n,? 


(ny + 1) 


where sx and ny were, respectively, the standard devia- 
tion and number of samples from population x; and sy 
and ny were the same parameters from population y. 
The level of significance, a, that is, the probability of re- 
jecting the hypothesis that the two means were equal 
when in fact they were equal, was taken as 0.05 for a 
two-sided test. Since in some categories the number of 
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subjects was small, the 6 error, which is the probability 
that the significant difference would not be redetected, 
in another set of experiments in which the same number 
of samples was employed, was large. The pf error has 
therefore been estimated for analyses where significant 
differences have been found. 

The sample correlation coefficient for regression analy- 
sis, R, was calculated to detect associations between con- 
centrations intracellularly and extracellularly. Associa- 
tion probabilities greater than 0.95 (a rejection of p=O 
at an a@ level of 0.05) are noted in the tables by the symbol 
“+.” The symbol O indicates a failure of this test to de- 
tect an association. 


RESULTS AND DISCUSSION 
Reliability of the analytical methods 


The precision of analysis and recovery of added 
amino acids have been previously studied for 
plasma (1). Investigations as to the suitability of 
the salt-saturated chromatographic technique for 
the analysis of erythrocytes, leukocytes and urine 
are reported here. 

Recovery of amino acids added to lysed erythro- 
cyte solutions and variability of the erythrocyte 
analyses. Amino acids added to the lysed erythro- 
cyte solutions were recovered quantitatively in a 2 
hour period of dialysis (Table III). When the 
duration of dialysis was extended up to 16 hours, 
variable increases in the concentration of amino 
acids in the dialysate were observed. For 2 hours 
of dialysis this amounted to less than 10 per cent 
and was not corrected for. The increase ap- 
pears to be partly enzymatically induced, since it 
could be diminished by addition of enzyme inhibi- 
tors such as dodecyl sulfate, EDTA and n-maley- 
limide to the lysed erythrocyte solution prior to 
dialysis. The accuracy of the erythrocyte analyses 
as computed from the average variability of the 
data in Table III, was similar to that of the plasma 
analyses (1). 

The red cell samples were found to be slightly 
contaminated with white cells. By comparison of 
the taurine levels found in the red cells with those 
found in the white cells, and assuming that tau- 
rine was absent in red cells, it was shown that this 
contamination could not increase the red cell 
levels of the other substances determined by more 
than 2 per cent. 

Reproducibility of leukocyte analyses. 
of the small amounts of solution available, paper 
chromatography proved to be a very useful tech- 
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TABLE III 


Recovery of amino acids added to lysed erythrocyte solutions 


Total 
amts. Re- 
found* covery 


Total 
amts. calc. 
present * 


Average 
amts. 
added* 


umoles, kg water 


Alanine 972 1,010 
a-Amino-n- 

butyric acid 102 110 
Glutamic acid 1,066 1,180 
Glutamine 
Histidine 
Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Leucine plus 

isoleucinet 
Serine plus 

glycinet 
Urea 16,700 


9,700 16,360 


* The mean of duplicate analyses. 
t Leucine 217; isoleucine 145. 
t Serine 242; glycine 484. 


nique for the analysis of unbound amino acid 
concentrations in the leukocytes. The amino acid 
values obtained from the lysed leukocyte solutions, 
as opposed to the values obtained from the lysed 
erythrocyte solutions, were found not to change 
significantly on extension of the dialysis period 
from 2 to 4 hours; furthermore, duplicate analyses 
of the leukocytes were only slightly less repro- 
ducible than those of plasma analyses (Table IV). 
This stability of the leukocyte suspensions was 
surprising, since these cells are generally con- 
sidered to have more active proteolytic enzymes 
than the erythrocytes. Undoubtedly an important 
factor in this instance was the relative volume of 
lysed cells dialyzed; the volumes of the leukocytes 
were }40 to 40 the volume of the erythrocytes. 
Effect of temperature on the concentrations in 
the cells and plasma, Since it was desirable for 
stability purposes to chill the blood to 2° C for its 
transportation to the laboratory and separation 
of the cells, it hecame necessary to obtain some esti- 


mate of the effect of cooling on the amino acid dis- * 


tributions. Whole blood was drawn and the plasma 
and cells separated as rapidly as possible at 37° C. 
This posed no difficulty for the plasma and eryth- 
rocytes, since separations were made within 30 


TABLE IV 


Reproducibility of unbound amino acid analyses of 
lysed leukocytes * 


Coefficient 
Coeffi-. of variation 
Standard cient of of plasma 


Average of 
deviation variation analysest 


means 


umoles/kg water 
2,180 143 5.2 
3,720 560 9.4 
Glutamine 635 131 6.2 
Histidine 374 83 5.9 
1,300 78 8.1 
540 47 18.0 
1,300 11.0 
730 12.0 
648 8.7 
Threonine 1,190 10.8 
Tryptophant 160 18.0 
392 10.0 
873 4.0 
148 


Alanine 


Glutamic acid 


Lysine 
Methioninet 
Ornithine 
Phenylalaninet 


Proline 


Tyrosine 
Valine 
Ethanolaminet 


Leucine plus 
isoleucine 1,320 
Serine plus 
glycine 840 


937 


6,084 
27,800 


Taurine 


O-phospho- 


ethanolamine 7,940 446 


*Lysed cells of two subjects were analyzed, each in 
triplicate. Four periods of dialysis were for 2 hours, two 
periods were for 4 hours. 

t See reference (1). 

t Three determinations only. 


minutes after drawing the blood by increasing the 
centrifugal force to 2,500 x G. For the leuko- 
cytes, centrifugation of the dextran supernatant 
solution at 37° C gave a packed cell plug which 
was frequently irreversibly clumped even though 
the time of centrifugation was reduced; in 12 at- 
tempts only 3 samples redispersed. The results 
of these studies are shown in Table V. 

With the exception of two compounds, orni- 
thine in the plasma and phenylalanine in the 
erythrocytes, there were no significant differences 
as evaluated by the ¢ test in the analyses con- 
ducted at 2° and 37° C. The values for orni- 
thine in the plasma and phenylalanine in the eryth- 
rocytes differed by amounts which were at the 
border line of significance (a = 0.05). Further- 


more the 8 error was large because of the small 
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TABLE V 


Concentrations of amino acids in plasma, erythrocytes and leukocytes at 37° C * 


A B Cc D 
Erythrocyte- 
plasma ratio 


Plasma Erythrocytes Leukocytes 


Mean 


—_ Men 
1.22 + 0.30 
1.14 + 0.40 


477 + 30 
26+ 1 


Alanine 398 + 27t 2,860 + 940 


a-Amino-n- 25 +5 
butyric acid 


Arginine 57 +3 


Glutamic acid 465 + 33 2,520 + 670 


Glutamine 
Histidine 
Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Ergothioneine 
Ethanolamine 


Leucine plus 
isoleucine 


421 + 60 
87 + 12§ 
210 + 18 


135 + 20 
67 +7 
200 + 14 
179 + 11 


80 + 3 
205 + 11 
<10 
<10 
233 + 8 


SH(0.50) 
ns 
ns 


ns 


477 + 34 
121 + 21 
202 + 10 
51 +9 
202 + 20 
$2.49 
226 + 17 
183 + 8 
3544 
82+ 6 
221 + 16 
508 + 160 
<10 
296 + 19 


SH(0.50) 


1.17 + 0.26 
1.35 + 0.52§ 
1.00 + 0.26 


1.50 + 0.40 
1.26 + 0.21 
1.15 + 0.12 
1.04 + 0.18 


1.03 + 0.10 
1.08 + 0.16 


1.29 + 0.17 


1,660 + 100 
950) 
1,910 + 540 


2,170 + 520 


1,740 + 370 


1,010 + 420 
<300 
<300 
2,860), 


Serine plus 687 + 66 1,091 + 77 1.62 + 0.28 11,900 + 2,450 


glycine 
Taurine <70 
Urea ~ §,413 + 190 5,887 + 600 


O-phospho- 
ethanolamine 


36,400 + 8,240 
1.09 + 0.18 
3,550 + 1,540 


Cell volume 0.501 + 0.121 ns 


* The plasma and erythrocyte values are the mean from four subjects. The leukocyte values are the mean of 


analyses of three subjects. The low yields of leukocytes at this higher temperature did not give sufficient material to 
determine several of the amino acids. The values are expressed as ymoles per kilogram water. 

+ Comparison of the mean at 37° C with the appropriate mean at 2° C taken from Table I, VI, or VII; ns = not 
significantly different; S = significantly different; H or L. = a high or low value, respectively, at 37°C. The number 
in the parentheses is the 8 error. 

t Standard deviation of the mean. 

§ Three determinations. 

One determination. 
© Volume of one billion leukocytes in milliliters. 


fore were significant. Given as micromoles per 
kilogram water, ornithine was 118, at 2° and 113 
at 37° C, phenylalanine was 50 at 2° and 58 at 
37° C. To obtain more power in our statistical 
treatment, a sign-rank test was conducted on all 
the data. The analyses were normalized by di- 
viding the difference in the means at the two 
temperatures by the standard deviation. By this 
test the results of the plasma and leukocyte analy- 


To investigate 
further whether these concentration differences 
were real, additional ornithine and phenylalanine 
determinations were made at 2° and 37° C with 
blood from the same donor. In this instance the 
values at the two temperatures agreed in duplicate 
analyses within 15 per cent, which is well within 


number of samples determined. 


the experimental variability of the method and 
makes it unlikely that the differences found be- 
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ses were found to be identical at the two tempera- 
tures whereas the erythrocyte determinations were 
significantly higher at 37° than at 2° C. Further 
evidence of higher values for the erythrocytes at 
37° C was seen by comparison of the totals of the 
amino acid concentrations in which the values at 
37° were 7 per cent higher than those at 2° C. 
In that the plasma amino acid values did not differ 
whether determinations were conducted at the 
higher or lower temperature, it can be inferred that 
the changes in the erythrocyte concentrations were 
not induced by a distributional shift but, rather, 
that they were due to the lower stability of the 
erythrocytes at 37° C. 

From these results it was concluded that chilling 
the blood to 2° C for up to 2 hours would not 
cause major changes in the unbound amino acid 
distributions. 

Reliability of the urine amino acid determina- 
tions. The excretion rates of most compounds in 
urine vary from large amounts to nil. This, com- 
bined with the unusually large number of com- 
pounds which may be excreted (17-19) leads to 
some uncertainty as to whether the amino acid 
zones on the chromatograms were pure zones or 
zones in which the amino acid was mixed with 
other substances. Several steps in the analytical 
procedure tended to reduce this uncertainty: a) 
the passage of chilled urine through a short resin 
column (described above) removed all colored and 
cold-insoluble solid material, and presumably other 
substances, but not the amino acids or urea; /) 
the characteristic colors shown by many of the 
amino acids with the ninhydrin-collidine reagent 
(1) helped greatly in preventing false identifica- 
tion of substances; and c) the variety of staining 
reagents used in each analysis assisted in iden- 
tifying zones that contain mixtures of sub- 
stances. Furthermore, in some instances, zones 
were rechromatographed in different solvents to 
determine whether they contained mixtures of com- 
pounds. An important factor with the salt-satu- 
rated systems was the tendency for a large num- 
ber of unknown substances to move with slow Rf 
values and not to be encountered in the regions of 
the amino acid zones. Exceptions to this were the 
slow moving amino acids, aspartic and glutamic. 
In about one-third of the urines, substances inter- 
fered with the analysis of these two amino acids. 
In the remaining urines no color zones were found 
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at glutamic acid and aspartic acid locations, 
Whereas paper chromatography has certain draw- 
backs for urine analyses, it does not lead to the 
destruction of glutamine, tryptophan or possibly 
other labile substances which are destroyed by 
conditions used in resin column analyses (19). 

A recovery study of the substances present in 
the urine standard added to urine specimens indi- 
cated no loss during the procedure. Recoveries 
of 83 to 132 per cent were obtained. The coeffi- 
cient of variation averaged about 7, which is simi- 
lar to the accuracy obtained in the other analyses 
using salt-saturated paper chromatography. 


Normal fasting values in the body fluids 


Unbound amino acid concentrations in plasma. 
The unbound acids 
found in plasma are reported in Table I. These 
values agree reasonably well with those previously 
reported in which larger aliquots were used for 
analysis, except that the combined values of serine 
and glycine in the plasma are higher than those 
reported previously (1). Plasma values for tryp- 
tophan are not given. Tryptophan was largely 
bound by the plasma albumin and the conditions 
under which the present experiments were con- 
ducted would not give a correct unbound value 
for tryptophan. One anomalously high glutamic 
acid value was found (70 wmoles per kg water) ; 
all other subjects had values lower than 30 pmoles 
per kg water. 

Unbound amino acid concentrations in erythro- 
cytes. The concentrations of the amino acids in 
the erythrocytes and the erythrocyte-plasma con- 
centration ratios are given in Table VI. The 
means of the plasma and the erythrocyte concen- 
trations were statistically the same for alanine, 
a-amino-n-butyric acid, glutamine, lysine, methio- 
nine, phenylalanine, proline, threonine, tyrosine, 
valine, leucine plus isoleucine, and urea. 


concentrations of amino 


In test- 
ing the distribution of molecules which carry net 
charges, a Donnan ratio of 1.4 was used between 
the plasma and erythrocytes. The average of the 
erythrocyte-plasma ratios for these substances, ex- 
cluding that of methionine whose ratio was high 
and irregular, was 1.10. The increase over the ex- 
pected ratio of 1.0 is believed to be an artifact in- 
duced by enzymatic activity in the erythrocytes 


4McMenamy, R. H., and Lund, C. C. To be published. 
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Alanine 


a-Amino-n- 
butyric acid 


Arginine 
Glutamic acid 
Glutamine 
Histidine 
Lysine 
Methionine 
Ornithine 


Phenylalanine 
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TABLE VI 


Unbound amino acid concentrations in erythrocytes 


Erythrocytes 
No. of No. of 
subjects subjects Mean 


Erythrocyte-plasma ratio 


pmoles, kg water 


15 427 + 25} 15 
25 +2 9 


1.08 + 0.04 
0.96 + 0.08 


<12 10 low 
374 + 33 15 high 
601 + 46 15 1.27 + 0.10 
131+ 8 12 1.58 + 0.12 
+ 24 15 1.15 + 0.09 
12 1.63 + 0.34 
5 + 13 11 2.50 + 0.11 
+4 14 1.18 + 0.28 


SL( <0.01) 
SH( <0.01) 
ns 

SH(0.10) 
ns 
ns 
SH( <0.01) 


ns 


Proline : + 11 
Threonine 
Tryptophan +4 
Tyrosine : +5 
Valine 3412 
Ergothioneine 458 + 51 
Ethanolamine <10 
Leucine plus 211 + 21 
isoleucine 
Serine plus 948 + 48 
glycine 
Taurine <70 
Urea 13 6,000 + 370 


15 1.13 + 0.06 ns 

15 0.97 + 0.06 ns 
(1.2)| 

15 1.03 + 0.08 is 

15 1.12 + 0.05 ns 

14 high SH( <0.01) 


1.16 + 0.09 ns 


1.59 + 0.10 SH(0.01) 


13 1.14 + 0.05 ns + 


* A comparison of the mean value in the erythrocytes to the mean value in the plasma; see footnote ¢ Table V 


for terms. 


t Probability that there is a correlation between the concentration in the erythrocytes and the concentration in the 
plasma; + = correlation indicated, 0 = correlation not supported. 


t Standard deviation of the mean. 


§ Indeterminate, concentration of substance in one medium is missing. 


Estimated; see text. 


(see previous discussion); and, if such an in- 
crease is allowed, the probability of equivalence of 
means of the above list of compounds is further 
improved. On the other hand, the mean concen- 
trations of arginine, glutamic acid, histidine, orni- 
thine, ergothioneine, and serine plus glycine were 
significantly different, implying that a concentra- 
tion gradient across the red cell membrane exists 
for many substances. Aspartic acid was also un- 
doubtely concentrated by the erythrocytes; it was 
frequently seen on the chromatograms of the red 
cell dialysates but never on those of the plasma. 
With the possible exception of histidine, concentra- 
tion gradients of similar magnitude have been ob- 


served by others (8, 9, 20, 21). Tryptophan, in 
contrast to the plasma studies, was not bound to 
a nondialyzable component of lysed red cells (see 
Table III) and, therefore, concentrations obtained 
for it by dialysis were reliable. The erythrocyte- 
plasma ratio for the unbound tryptophan concen- 
tration was estimated by using an average unbound 
plasma tryptophan value of 17 pmoles per kg 
water.* 

The low concentrations of arginine and the ele- 
vated levels of ornithine in red cells are of interest 
in view of the presence of arginase in these cells 
(22). The observed concentration gradients may 
be due to the slow transport of these compounds 
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across the red cell membrane in the presence of 
relatively high arginase activity. Such a phenome- 
non as this had been attributed to Ehrlich ascites 
carcinoma cells by Johnstone (23). 

The hypothesis: “Is the concentration of the 
substance in the erythrocytes influenced by the 
concentration in the plasma?’ was examined by 
computation of the correlation coefficient R (see 
column pe, Table VI). A correlation with a 
probability > 0.95 was found for alanine, a-amino- 
n-butyric acid, proline, tyrosine, valine, leucine 
plus isoleucine, and urea implying that a concen- 
tration dependence exists between the two media. 
An association in concentration intracellularly 
and extracellularly was not found for several of 
the compounds; however, by the very nature of 
the mathematical test this cannot be taken as an 
index of no dependence. Furthermore, in this in- 
vestigation normal fasting subjects were studied 
and no large fluctuation in concentrations was im- 
posed which would have made the correlation tests 
more sensitive. A detailed study of the relation- 
ship between the erythrocyte-plasma concentra- 
tions is in progress. 

Unbound amino acid concentration in leuko- 
cytes. The amino acid concentrations in the leu- 
kocytes of normal subjects were considerably 
higher than those in plasma or erythrocytes (Table 
VII). When compared with plasma glutamic 
acid, ornithine, serine plus glycine, taurine, and 
O-phosphoethanolamine were concentrated 20 
times or more by the leukocytes, whereas the other 
amino acids (excluding arginine) were concen- 
trated on the average 9.9 times (range 4.8 to 14.5). 
It was of interest that glutamic acid, ornithine, and 
serine plus glycine also showed an enhanced con- 
centration relative to the other amino acids in 
the erythrocytes, and it is implied that the con- 
centrative potential for both the erythrocytes and 
leukocytes is large for these substances. Arginine 
was generally low in the leukocytes, although an 
occasionally high result was found, and ornithine, 
as noted above, was elevated. This again may be 
due to the arginase which has been found in the 
leukocytes (24). a@-Amino-n-butyric acid was 
probably present in the leukocytes; its quantity 
was not estimated due to the interference on the 
chromatograms of an unknown ninhydrin-positive 
substance. The leukocyte-plasma ratio for trypto- 
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phan was estimated by using an average plasma 
concentration for tryptophan of 17 pmoles per 
kg water.’ It also should be noted that whereas 
there was a direct correlation between the concen- 
tration of many amino acids in plasma and in 
erythrocytes, this was not observed in the leuko- 
cyte-plasma distribution (see column pe, Table 
VII). This may well be due to the small differ- 
ence in concentration found in bloods of subjects 
in the fasting state. 

The concentration of amino acids in the leuko- 
cytes is of the approximate order of magnitude 
found in other mammalian tissues (25, 26). This 
is not unexpected, since the leukocytes appear to 
perform most of the general metabolic functions 
of such cells. 

Unbound amino acid excretion rates in urine. 
Williams and co-workers (18) found that the 
24-hour excretion patterns of amino acids were 
reasonably constant from day to day in any one 
subject. We studied the excretion rate of two 
fasting individuals by means of urines collected 
for shorter periods on different days and also 
found for each of these that the rates were reas- 
onably constant from day to day (Table VIII). 
With the exception of taurine, the mean variation 
was less than 40 per cent. This variation is small 
in view of the large differences in excretion rates 
of urines from different individuals (see later re- 
sults). The excretion rates were not related to 
the volume of urine voided during the period. 

The effect of food ingestion on excretion is 
shown by comparison of columns A and C of 
Table IX. When subjected to a sign-rank test 
the differences between these columns were highly 
significant. All substances were consistently ex- 
creted at a higher rate in the nonfasting period, 
averaging 60 per cent higher than in the fasting 
period. This was in qualitative agreement with 
a-amino nitrogen values of 6.6 mg per hour for 
nonfasting individuals, and 4.4 mg per hour for 
fasting individuals reported by Eckhardt, Cooper, 
Faloon and Davidson (27). The increased excre- 
tion in the nonfasting period was approximately 
In unpublished ex- 


the same for each amino acid. 
periments it has been found that the unbound 
amino acids increased an average of 20 per cent 
in the plasma of five normal adults 2 hours after 
This suggests that 


a typical 25 g protein meal. 
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TABLE 


Vil 


Unbound amino acid concentrations in leukocytes 


Leukocytes 


No. of 

subjects 

umoles/kg water 

2,881 + 256t 

<290 + [46] 

2,745 + 251 

2,650 + 251 
762 + 70 

2,111 + 216 
391 + 54 

1,767 + 113 
647 + 105 
862 + 79 

2,345 + 174 
222 + 31 
480 + 97 

1,335 + 132 

<300 

<250 

1,999 + 195 


Alanine 15 
Arginine 13 
Glutamic acid 15 
Glutamine 15 
Histidine 10 
Lysine 15 
Methionine 12 
Ornithine 12 
Phenylalanine 9 
Proline 15 
Threonine 14 
Tryptophan 10 
Tyrosine 15 
Valine 15 
Ergothioneine 15 
Ethanolamine 15 


Leucine plus 13 
isoleucine 

Serine plus 13,021 + 1,480 

glycine 

28,683 + 2,726 


2,651 + 389 


Taurine 
O-phospho- 
ethanolamine 


Cell volume 4 13 0.604 + 0.028 


* A comparison of the mean in the leukocytes and plasma ; see footnote t Table V for terms. 
0.01 in all instances. 

+ Probability that there is a correlation between the concentration in the leukocytes and the concentration in the 
plasma; + = correlation indicated, 0 = correlation not indicated. 


t Standard deviation of the mean. 


Leukocyte-plasma ratio 


No of 
subjects 


Mean 
15 7.5 + 0.9f 
13 <4.2 + [1.2] 
very high 
15 5.2 + 0.6 
9 9.8 + 1.5 
15 10.2 + 1.1 
11 14.5 + 2.1 
20.6 + 2.0 
13.6 + 2.3 
4.8+ 0.4 
14.4 + 1.3 
(11.7) || 
12.0 + 1.2 
6.6 + 0.6 


10.4 + 1.2 
22.1 + 2.8 
very high 


very high 


The £ error is less than 


Values in brackets are approximate. 


§ Indeterminate, concentration of substance in one medium was missing. 


|| Estimated ; see text. 
{ Volume of one billion leukocytes. 


the increased excretion is caused by the post- 
prandial rise in the plasma amino acids. The 
fasting urine specimens collected as described in 
the experimental procedure should be largely free 
of this diet effect. Excretion rates thus measured 
should be more directly related to the fasting blood 
amino acid levels than are specimens collected 
through a 24 hour period which encompasses fast- 
ing and nonfasting intervals. 

In column B of Table IX the excretion rates of 
subjects undergoing moderate exercise (an hour's 
walk of 3 to 4 miles between the hours of 8 and 10 


a.m.) are given. This was an attempt to see 


whether such activity influenced the amino acid 
excretion. The differences between the overnight 
specimens and these latter samples were not sig- 
nificant. The similarity of the excretion rates of 
the two periods also implied that a 5 hour interval 
after the meal was sufficient to obtain constant 
fasting values. Diurnal variations were not stud- 
ied in this work. 

The urine excretion rates of the 15 normal fast- 
ing subjects on whom the blood analyses were con- 
ducted are presented in Table II. For compari- 
son, Stein’s values obtained by resin column chro- 
matography on 24-hour collections of nonfasting 
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TABLE VIII 


Urinary excretion of amino acids of two normal souiissatea on different days 


Subject B 


Subject A 


“Dey 135 


Dey 10 


135 


pmoles/hr hr 


Alanine 11.0 12.0 9.8 153 8.4 (Pj 

Glutamine 28.0 : 38.0 26.3 27.8 22.0 26.9 

Histidine plus methyl 64.0 81.6 62.5 56.4 42.0 42.3 

histidines 

Lysine 9.0 18.0 9.9 7.0 4,2 8.7 

Threonine 13.2 8.2 5.2 

Tryptophan <2.0 4.2 <2.0 <2.0 at 

Tyrosine 3:5 3.6 <2.0 §:2 
Serine plus glycine 79.0 114.0 66.0 155.0 105.0 96.0 r 
Taurine 17.0 26.0 13.1 11.3 14.7 4.2 i 
Volume of urine 139 120 164 70.5 S25 23 


excreted, ml/hr 


subjects are included in the table (19). The gen- mal urines were taurine, threonine, glycine plus 
erally higher values reported by Stein were prob- — serine, histidine plus methyl histidines, alanine, 
ably due to the analyses of nonfasting specimens. glutamine and lysine. [Excretion rates of certain 
In both studies there was considerable variation in| other amino acids (proline, leucine, isoleucine, 
the excretion rates of different subjects. This arginine, glutamic acid, aspartic acid, valine, 
variability was noted previously by Williams and — a@-amino-n-butyric acid, and phenyalanine) were 


colleagues (18) and was used as a basis for dem- usually low in the fasting specimens of normal in- 


onstrating individual differences. The amine acids dividuals. These results agree qualitatively with 


frequently found excreted in high amounts in nor- — those of other workers (17—19, 28). 


TABLE IX 


The effect of food intake and exercise on the urinary excretion of amino acids * 


Fasting Exercise (fasting) 


Nonfasting 


Midnight-7 a.m. 8-10 a.m. 10 a.m.-midnight 


Alanine 10.7 + 0.8t 11.44 0. 9 22.04 2.7 
Glutamine 2991+ 3.5 34.24 1.1 478+ 7.8 
Histidine plus methyl 610+ 8.3 59.9+ 3.6 85.0 + 13.0 


histidines 


Lysine 9.8+ 3.0 $.0.4,.1.3 13.024 2.9 
Threonine <8.5 <9.8 13.74 3.5 


Tryptophan $A 4 1.2 
Tyrosine 0.4 60+ 0.9 1.0 
Serine plus glycine 114.0 + 16.0 138.0 + 20.0 180.0 + 12.0 
Taurine 174+ 3.3 26.0+ 2.6 30.6 + 7.2 
Volume of urine 96.0 106.0 86.0 


excreted, ml/hr 


“j EE of two experiments on each of two subjects. The meals eaten were their usual ones and contained on 
each day at least 75 g of protein. The values are expressed as micromoles excreted per hour. 

+ The standard deviation of the mean. Alanine, tyrosine, and serine plus glycine were on the basis of the ¢ test 
significantly higher in column C than A. When compared by the sign-rank test columns A and B were not significantly 
different, whereas columns A and C were different at a high level of significance (a = 0.008). 
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SUMMARY 


1. The concentrations of unbound amino acids 
in the plasma, erythrocytes and leukocytes, and 
rates of excretion of amino acids in the urine of 
normal human subjects have been determined us- 
ing salt-saturated paper chromatography for analy- 
sis. The variability of the determinations and 
the effect of temperature on the distribution of the 
cell components have also been investigated. 

2. The mean concentrations of values in the 
plasma and erythrocytes for alanine, a-amino-n- 
butyric acid, glutamine, methionine, phenylalanine, 
proline, threonine, tyrosine, valine, leucine plus 
isoleucine, and urea did not differ significantly. 
On the other hand the mean concentration of ar- 
ginine, glutamic acid, histidine, ornithine, serine 
plus glycine, and undoubtedly aspartic acid were 
significantly different in the plasma and_ the 
erythrocytes. When examined by a linear regres- 
sion analysis a positive correlation for an associa- 
tion in concentration between the erythrocytes and 
plasma was found for alanine, a-amino-n-butyric 
acid, proline, tyrosine, valine, leucine plus iso- 
leucine, and urea. This supports a diffusion-con- 
trolled distribution for these latter substances. 

3. The concentrations of amino acids in the 
leukocytes, with the exception of arginine which 
was generally too low to be measured, were much 
higher than those found in the plasma. The leu- 
kocyte-plasma ratios ranged from 4.8 to 14.5 for 
most of the amino acids. Glutamic acid, ornithine, 
and combined serine plus glycine were concen- 
trated in leukocytes at leukocyte-plasma_ ratios 
of 20 or higher. Taurine and O-phosphoethanola- 
mine, which were in very high concentration in the 
leukocytes, were not found in the plasma analysis, 
and only small concentrations of taurine were ob- 
served in the red cells. A linear regression analy- 
sis showed no relationship between the concentra- 
tions of any of the amino acids in the plasma and 
leukocytes. 

4. In the urine studies a reasonably constant 
excretion rate for the same individual was ob- 
served from day to day, whereas a large variation 
was found in the excretion rates among different 
individuals. The excretion rates of amino acids 
during a nonfasting period were on the average 
60 per cent higher than during the fasting period. 


Iexercise of a moderate extent had little effect on 
the excretion rates. 
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The distribution of unbound amino acids in the 
plasma and blood cells of patients with leukemia 
may be expected to reflect abnormalities in both 
the concentrating ability of the cells for the amino 
acids and in the amino acid metabolism. The dis- 
tribution of unbound amino acids in the plasma 
and blood cells of normal subjects has been re- 
ported in an earlier communication (1). Studies 
of the distribution of unbound amino acids in leu- 
kemic bloods do not appear to have been previ- 
ously made, although Kelley and Waisman (2) 
have studied plasma concentrations and Nour- 
Eldin and Wilkinson (3) have studied the relative 
concentrations of several amino acids in the leuko- 
cytes of leukemic patients. Some qualitative vari- 
ations in amino acid concentrations in leukocytes 
from patients with different types of leukemia have 


also been reported by Rouser (4). 


250 


200 


ORNITHINE 


UREA (x1073) 


Fic. 1. COMPARISON OF CONCENTRATIONS OF ORNI- 
THINE AND UREA IN PLASMA OF LEUKEMIC PATIENTS. 
Micromoles per kilogram of water; line drawn by least 
squares. 


* Aided by Grant C-2497 from the National Cancer 
Institute, Bethesda, Md. 


METHODS 


The methods used for collection of the blood and 
the urine specimens, and for the analysis of the unbound 
amino acids were the same as those used for normal 
subjects (1). All bloods were drawn at the end of an 
approximate 14 hour fast, and all urines were collected 
during the last 8 hours of this period. 

The notations used for expressing the variability of 
the data and for expressing the results from tests of dif- 
ferent hypotheses are the same as those used previously. 
The level of significance, a, was established at 0.05. The 
8 error was estimated for each evaluation where a sig- 
nificant difference was detected (1). 


RESULTS 


Unbound amino acid concentrations in plasma of 
leukemic patients 


The analyses of 32 plasma specimens from 23 
patients with various types of leukemia are given 
in Table I (see Case Histories; analyses L18 and 
M2 were lost). With the exception of arginine, 
to be discussed later, there were no differences in 
the plasma levels that could be associated with any 
particular type of leukemia or its treatment. To 
identify the patients with high or low plasma con- 
centrations, the fourth, and fifth columns of Table 
I list, respectively, the analyses that were less than 
and greater than 2 SD from the mean found for 
normal subjects. This latter distinguishes the 
analyses which differ from the normal mean at 
approximately the 0.05 level of significance. 

Both the ornithine and urea concentrations were 
found to be high in the leukemic plasmas. Except 
for one patient, J.W., the increase in ornithine 
concentration correlated very well with the in- 
crease in plasma urea values (see Figure 1). 
The product moment correlation coefficient, R. 
calculated for a correlation between ornithine and 
urea concentrations in plasma was found to be 
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UNBOUND AMINO ACIDS IN BLOOD COMPONENTS AND URINE IN LEUKEMIA 


TABLE I 


Concentration of unbound amino acids in the plasma of leukemic patients 


No. of 


analyses Mean 


umoles/kg water 


Alanine 
a-Amino-n-butyric acid 
Arginine§ 

Glutamic acid 
Glutamine 

Histidine 

Lysine 

Methionine 

Ornithine 
Phenylalanine 

Proline 

Threonine 

Tyrosine 

Valine 

Ethanolamine 

Leucine plus isoleucine 
Serine plus glycine 
Urea 

B-Amino isobutyric acid 


ns 
ns 
ns 
ns 
ns 


OUT 
w 


+ Taken from reference (1). 
t Standard deviation of the mean. 


SL (0.40) 


SH (0.01) 


Analyses with 
values 2SD 
less than 
normal meant 


Analyses with values 2SD higher 
than normal meant 


G10 
G13 


0 
G10, 12, 13 
0 


L13 
0 


L 


1 

0 

0 G10,.12, 7,8, 
1 

a 


0 
0 
0 
0 


L10a, 13 
M1, Lil 
Mi 
0 


0 
G3, 7, 10a 
G2, L10a 
0 


L4 
G4, 7, 8, 13, L3, 8, 13, 15 
G 13 


G2, 10, 1.7, 15 
G10, 13, M1, 5-9, 13, 16, 17 
Gh: 


§ The mean value for arginine in chronic granulocytic leukemia (55 + 6.6) was significantly lower than the mean 


value in chronic lymphocytic leukemia (85 + 4.6). 
| Less than 50 in the other patient analyses. 


highly significant, with a probability of correlation 
equal to 0.999. Patient J.W. (assay G13), in 
whom the ornithine concentration was normal but 
the urea concentration very high, had renal in- 
sufficiency and therefore was not necessarily pro- 
ducing large amounts of urea. Plasma urea levels 
of this patient were 26,000 pmoles per kg water 
compared with a normal value of 5,380; the ex- 
cretion rate of urea was 3,800 pmoles per hour 
compared with a normal excretion of 11,450. 
Ethanolamine was found in eight specimens of 
plasma from eight patients; it was never found in 
any of the analyses of normal subjects. $-Amino 
isobutyric acid was found in two analyses (G13 
and L1). 
the plasma of normal subjects and we know of 


This substance also was not found in 


no reports of its being found by others. The only 
substance in low concentration in the plasma of the 
patients was alanine. 

Arginine concentrations were observed to be 
low in the plasma of chronic granulocytic leukemic 


patients by Kelley and Waisman (2). Our de- 
terminations of arginine in such patients were 
somewhat lower, but not significantly lower than 
the arginine values found in normal subjects (1). 
In chronic lymphocytic leukemia the arginine con- 
centrations tended to be slightly higher than those 
found in normal subjects. Comparison of the 
means of the arginine values of these two groups 
of patients showed their differences to be sig- 
nificant. 

Kelley and Waisman also reported significantly 
higher values for proline and phenylalanine in 
leukemic patients. The mean concentrations for 
these two substances in our patients were moder- 
ately higher but not significantly higher than those 
found in normal subjects. High concentrations of 
glutamic acid and alanine in chronic leukemic pa- 
tients or low concentrations of threonine and high 
concentrations of tyrosine in acute leukemic pa- 
tients, which had been observed by Kelley and 
Waisman (2), were not found in the current study. 


25 274 3 ns 
Be 27 68+ 4 ns 0 a 
a 32 <33 ns 0 ae 
32 514 + ns 
30 89 + ns 0 
Bee 32 217 + ns | 
25 22+ ns 
29 121 + 9, 15, 16, 17 
pita bf 31 65 + 8,9 
32 201 + 14 
30 167 + 5, 11 
32 71+ G7, 10, 11, 1.4 
| SZ 199 + 
32 <16 high 
30 209+ 14 ns 
31 664+ 42 ns 
30 8,000 + 877 (0.05) 
2 202'| high 
n 2 __ *Comparison of the mean value of the patients with the mean value of normal subjects (1); ns = not significantly 
Be different; S = significantly different; H and L indicate high and low values respectively, in the patient analyses; the 8 ae 
error is placed in parentheses. 
al 
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Unbound amino acids in erythrocytes of leukemic tively. Four other substances, ornithine, proline, 4 
patients ethanolamine and urea were also significantly = 
The concentrafions of unbound amino acids gher. On the other hand the erythrocyte-plasma a 
ratios of only alanine and serine plus glycine were 1 


found in the erythrocytes are presented in Table ** d ; 
II (assays G9 and L18 were lost). The erythro- higher than those found in normal subjects. The 
cyte-plasma ratios are presented in Table IIT (as- glutamic acid ratio could not be calculated in view 
say G9, M2 and L18 not included), As with of the absence of this substance in plasma. Or- 
: nithine and urea were therefore higher in both the 
plasma and erythrocytes of the leukemic patients. 
The same was probably true for proline; its mean 
concentration was elevated in both the plasma and 
erythrocytes but only in the erythrocytes was it 
elevated significantly above the normal mean. The 
high erythrocyte-plasma ratio for alanine was at- 
tributable to the low plasma values for this sub- 
stance. Serine plus glycine was high in the 
erythrocytes but showed no change in plasma con- 


the plasma analyses, values less than, or greater 
than, 2 SD from the normal mean are listed in 
the fourth and fifth columns of these tables. 
With the exception of ergothioneine (discussed 
below), there were no patterns in amino acid 
concentrations that could be related to the types 
of leukemia or to the treatment of the patients. 
The total unbound amino acid concentrations 
were approximately 10 per cent higher in the 
erythrocytes of the patients than in normal sub- 
jects. Most of this increase was attributable centration. The high values of taurine found in 
to glutamic acid and serine plus glycine which — the erythrocytes are undoubtedly due to a greater 
were 50 per cent and 40 per cent higher, respec- leukocyte contamination in the patients’ erythro- 


TABLE II 


Concentrations of unbound amino acids in erythrocytes of fone mic palette 


Analyses with 
No. of values 2SD less Analyses with values 2SD 
analyses Mean pu* than normal meant higher than normal meant 


umoles, kg water 


Alanine 32 419 + 24f ns M2 G7, 10, 11, 12, L8 
a-Amino-n-butyric acid 23 30+ 3 ns L13, 14 G4, L2, 3, 4, 8, 10a 
pie 26 <16 ID§ 0 G1, L 
Glutamic acid 32 5644+ 50 SH (0.03) G3 £4; 5, 
7, &, 
Glutamine 32 543 + 25 ns 0 0 
Histidine 28 130+ 9 ns G2, M1, L13 G12, 13, L8, 10a 
Lysine 32 250+ 15 ns 0 Gi, L3 
Methionine 21 324 2 ns M2 G1, 3, L8, 16 
Ornithine = * 32 2324 13 SH (0.30) M1 G6, 7, 12, L3, 7-9, 16, 17 : 
Phenylalanine 31 70+ 9 ns G2 1.7, 8, 9, 16 o 
Proline 32 229+ 13 SH (0.40) 0 G7, 13, M1, L3, 8 of 
Threonine 31 180+ 10 ns 1.10, 14 G4, 7, 11, 13, L8, 15, 16 
Tryptophan 30 22+ 2 ns G2, 4, L10a 0 
Tyrosine 32 764 5 ns G2, 5, M1 L4, 16 
Valine 32 228+ 12 ns Gi2 Gl, 7, 13 
Ergothioneine | 21 439+ 62 ns Li4 5, 6, 7 
Ergothioneine® 8 1184+ 13 SL (0.05) G3 0 
Ethanolamine 31 <23 H 0 Gl, 2, 4, 7, 8, 13, 
L3, 8, 9, 13, 15 
Leucine plus isoleucine 31 2344 16 ns 0 Gi, 7, L8& 
Serine plus glycine 31 1316+ 81 SH (0.20) 0 G4, 5, 7, 12, 13,.02,5;, 
ta, 1517 
Taurine 31 <245 + 110 H 0 G1, 4, 7, 10-13, L3, : 
‘12, 13, 15-17 
Urea 29 8,728 + 890 SH (0.30) 0 G13, L2, 5- ‘9, 12, 16, 17 


* See footnote to Table | 
t Taken from reference (1). 
t Standard deviation of the mean. 
Indeterminate. 
Ergothioneine analyses from all patients except those with chronic granulocytic leukemia. 
© Ergothioneine analyses from chronic granulocytic leukemic patients. 
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UNBOUND AMINO ACIDS IN BLOOD COMPONENTS AND URINE IN LEUKEMIA 


TABLE 


analyses Mean 


umoles/kg water 


Alanine 1.32 + .0St 


w 


a-Amino-n-butyric acid 
Glutamine 

Histidine 

Lysine 

Methionine 

Ornithine 
Phenylalanine 

Proline 

Threonine 

Tyrosine 

Valine 

Ethanolamine 

Leucine plus isoleucine 
Serine plus glycine 
Urea 


He 00 00 ~100 O OW 
Hr He He He He He HE 


* See footnote to Table I. 

t Taken from reference (1). 

t Standard deviation of the mean. 
§ Indeterminate. 


cytes. The very high levels of glutamic acid 
found in the erythrocytes will be further discussed 
below. 

Iyer (5) has reported marked increases in con- 
centrations of alanine, glutamic acid, glutamine, 
and serine plus glycine in red cells of patients with 
iron deficiency anemia. There was no evidence 
that any of our patients had iron deficiency anemia 
but several of them had moderate to severe anemia 
associated with their leukemia. The specimens of 
anemic patients showed no consistent variation 
from the specimens of patients with no anemia 
with regard to any of the amino acids. 

The concentrations of ergothioneine found in 
the erythrocytes of the patients with chronic 
granulocytic leukemia were much lower than those 
found in other leukemic patients or in normal sub- 
jects. Since almost nothing is known of ergothio- 
neine function in mammalian cells the significance 
of this striking difference is not clear. 


Abnormal concentrations of leukocyte amino acids 
which were common to most of the leukemic pa- 
tients 


Changes in concentration of four substances in 
the leukocytes of the patients, when compared 
with normal subjects, were characteristic of leu- 
kemia without regard to the kind of leukemia and, 


SH (0.13) 


SH (0.10) 


Il 


Erythrocyte-plasma ratio of unbound amino acids in leukemic patients 


Analyses with 
values 2SD 
less than 
pm* normal meant 


Analyses with values 2SD 
higher than normal meant 


Gi, 3 3,9 
M1, L8, 9, 10a, 13, 16 


ns 
ns G12, L8, 16 
ns GE 15 
ID§ 
ns G12, L8 

G3; 5, 7, 12, 13, £5, 10a; 14 
ns G2, L.10a, 12 


except for treatment with Chlorambucil,’ were 
independent of the type of treatment (see Tables 
IV, V, VI and VII). These were O-phospho- 
ethanolamine, glutamic acid, proline and _ orni- 
thine. Discussions of each of these follow. 
O-phosphoethanolamine — concentrations 
found to be very high in the leukocytes of most 
leukemic patients; values higher than the normal 
means were found in every patient sample in 
which QO-phosphoethanolamine was measured. 
All untreated chronic lymphocytic leukemic pa- 
tients, acute granulocytic leukemic patients, and 
monocytic leukemic patients had O-phosphoetha- 
nolamine concentrations which were higher by 
more than 2 SD of the normal mean. It was also 
high in patients after treatment with X-ray, TEM * 
and nitrogen mustard.* Its concentration tended 
to be less high in chronic granulocytic patients ; 
only one patient in six (G1) had values higher 
than 2 SD of the normal mean. O-phosphoetha- 
nolamine was not determined in the leukocytes of 
Patients G3, 4, 7 and 8. Its concentration was 
normal in two cases after treatment with Chloram- 
bucil. Elevated concentrations of O-phosphoetha- 


were 


1 4-[p-bis (2-chloroethyl) aminophenyl]butyric acid. 
2 2,4,6-Triethyleinimino-s-triazine. 
3 2,2’-Dichloro N-methyldiethylamine. 


= 
— 
19 16 ns L14 8, 10a 
30 A .06 ns 0 0 a 
26 4 09 ns 0 L8 ie 
30 a 08 ns 0 Gl, 3 
20 15 ns 0 0 
28 ol 14 ns G10 0 e 
29 a 05 ns 0 0 i 
31 05 ns 0 L8, 12 
31 06 
31 06 
8 .4 25 
4 29 16 
$ 
| 


nolamine had previously been observed by Nour- 
Eldin and Wilkinson in the leukocytes of some 
leukemic patients (3). In addition to this, Out- 
house (6) as early as 1936, had found increased 
amounts of O-phosphoethanolamine in many ma- 
lignant tissues. It is also highly significant 
that other patients, such as those with leukemoid 
reaction, polycythemia vera, leukocytosis following 
accidental cobalt-radiation, malignant carcinoid, 
congenital anemia, spherocytosis and general ema- 
ciation did not show elevated O-phosphoethanola- 
mine levels.* 

Glutamic acid concentrations had been found to 
be elevated in the leukocytes of leukemic patients 
by Nour-Eldin and Wilkinson (3). In the present 
study the mean concentration for glutamic acid in 
the granulocytic, monocytic and untreated chronic 
lymphocytic leukemic patients was more than 
twice as high as the mean concentration found in 
normal subjects. In 13 of the 24 patients in these 
categories glutamic acid analyses were higher than 
the normal mean by more than 2 SD. Leukocyte 
glutamic acid concentrations were also very high 
in two analyses conducted on a patient one and two 
days after extensive irradiation. On the other 
hand, only one of the six patients under treatment 
with chemotherapeutic agents aad an elevated 
glutamic acid value. The high glutamic acid val- 
ues in the leukocytes in conjunction with the high 
concentrations in the erythrocytes of these leuke- 
mic patients emphasizes that the metabolism of 
this amino acid is critically affected in leukemia. 
High glutamic acid values have also been noted in 
other malignant tissues (7,8). It was not found 
to be characteristically elevated in either the eryth- 
rocytes or leukocytes of the nonleukemic patients 
listed above. 

Proline concentrations also were high in the 
leukocytes of the leukemic patients, particularly 
when compared with the concentrations of the 
other amino acids. It was higher than 2 SD of 
the normal mean in five patients with granulocytic 
leukemia (category a, see below) ; it was low in 
concentration in only one patient, that of assay L3, 
where the unbound amino acid concentrations 
were almost all very low. Proline concentrations 
were also elevated in the erythrocytes of the leu- 
kemic patients (Table II). Since glutamic acid 


4 Unpublished studies. 
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and proline have interrelated pathways of metab- 
olism (9), a correlation study by regression analy- 
sis was conducted. This study did not, however, 
support a relationship between these two sub- 
stances in either the erythrocytes or leukocytes. 

Low ornithine concentrations were observed 
in the leukocytes of many of the leukemic patients. 
Ornithine was elevated in assays of only two pa- 
tients, L6 and L8. However, in both of these 
analyses the other amino acid concentrations were 
increased severalfold. Ornithine concentrations 
were less than 2 SD of the normal mean in 15 
analyses out of 29. This low level of ornithine in 
the leukocytes becomes even more striking in view 
of the higher than normal concentrations of orni- 
thine found in the plasma and erythrocytes of 
these same patients. 

Arginine concentrations in the leukocytes of 
the patients were variable. In most instances no 
arginine was found. However, in a few patients 
(G1, G11, L1, L6) high concentrations of arginine 
were found (roughly 1,000 pmoles per kg water ). 
No significance can be attributed to this finding, 
since similar irregular arginine values had been 
found in two of the leukocyte analyses of normal 
subjects (1). 


Abnormal concentrations of leukocyte amino acids 
which depended upon the type of leukemia or 
its treatment 


The concentration of the amino acids in the 
leukocytes of the leukemic patients, other than 
the four amino acids discussed above, showed 
considerable variation. In some instances the 
variation could be correlated with the type of leu- 
kemia and its treatment. For the purpose of this 
evaluation the patients have been grouped into four 
categories: a) granulocytic and monocytic leuke- 
mia, >) untreated chronic lymphocytic leukemia 
(untreated patients were classified as those who 
had had no chemotherapy or X-ray irradiation, 
or had not had such treatment for a period of four 
months preceding the assay ),° ¢) chronic lympho- 

5 There were also included in category ) patients who 
had been started on treatment with Chlorambucil within 
eight days before the assay. Treatment with Chloram- 
bucil usually does not result in immediate changes as 
indicated by white count depression. Furthermore, in 
every instance the analyses from patients in this early 
stage of treatment were similar to the untreated cases. 
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IV 


Concentration of unbound amino acids in leukocytes of granulocytic and monocytic leukemic patients * 


No. of 
analyses 


Mean 


Analyses with 
values 2SD Analyses with values 
less than 2SD higher than the 
put normal meant normal meant 


Alanine 

Arginine 

Glutamic acid 
Glutamine 

Histidine 

Lysine 

Methionine 

Ornithine 
Phenylalanine 

Proline 

Threonine 
Tryptophan 

Tyrosine 

Valine 

Ethanolamine 

Leucine plus isoleucine 
Serine plus glycine 
Taurine 
O-phosphoethanolamine 
Cell volume! 


pmoles/kg water 

3,351 + 553§ 
<368 + [99] 
6,048 + 875 
2,844 + 405 
546+ 110 
1,947 + 214 
<450 + tsi] 
<1,310 + att 
x 3 


<286 + [54] 
2,494 + 322 
9,819 + 1,650 
37,211 + 3,730 
10,263 + 2,610 
0.569 + 0.050 


* Patient assays G1-11, 13, M1, 2. 
t See footnote* to Table |. 

t Taken from reference (1). 

§ Standard deviation of the mean. 
|| Volume of one billion leukocytes. 


cytic leukemia treated within the four month pe- 
riod preceding the assay by chemotherapeutic 
agents, and d) chronic lymphocytic leukemia 
treated by radiation one or two days before the 
assay. Tables IV, V, VI and VII present the 
results obtained in the study of these various 
categories. 

a) Granulocytic and monocytic leukemia. The 
results of the determinations of the unbound 
amino acids in the leukocytes of the granulocytic 
and monocytic leukemic patients are given in 
Table IV. High concentrations of glutamic acid, 
QO-phosphoethanolamine and proline, and a low 
concentration of ornithine, all of which have been 
already found in most leukemic patients, were 
the only differences from normal subjects noted 
in these analyses. Furthermore, when examined 
with respect to the types of leukemia grouped in 
Table IV (chronic granulocytic leukemia, acute 
granulocytic leukemia, subacute granulocytic leu- 
kemia and monocytic leukemia) there were no 
patterns that cold be associated with any one 
type of leukemia. Treatment of the patients by 
Myleran, 6-mercaptopurine, Meticorten, testoster- 


ns G7 
0 

Gi. 5.6.7, MA, 2 
Gl 


ns 

SH (0.3) 
ns G 

ns G9, 13, M2 0 

ns 0 0 


ns 0 
SL (0.25) 0 


ns 
SH (0.10) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 
SH (0.50) 


ns 


0 
G1, 3, 7, 13, M1 
6 


0 

0 

0 

0 
G3, 11 

0 


Gi, 11, M1 
Gi, 5, 6, M1, 2 
0 


Geo 


_ 
w 


Values in brackets are approximate. 


one or spray X-ray of the spleen five days before 
the analysis caused no recognizable changes in 
amino acid concentrations in the leukocytes of this 
group of patients. 

The packed-cell volumes of the leukocytes of 
the granulocytic and monocytic patients were 
found to be similar to those of normal subjects. 
Platelet contamination occurred to an appreciable 
extent in analyses G2 and G3 (25 platelets to ap- 
proximately 1 leukocyte). Comparison of the 
amino acid concentrations found in platelets ° with 
those in leukocytes showed that this contamina- 
tion would not have affected the leukocyte values 
by more than 15 per cent and no allowance was 
made for it. One would expect the error induced 
by platelet contamination to be largely compensated 
for in the packed-cell volume measurements which 
were used to express the concentration of the 
amino acids and which included the volumes of 
both the platelets and the leukocytes. 

b) Untreated chronic lymphocytic leukemia. 
Table V presents the results of 11 analyses of 
leukocytes from 10 patients with chronic lympho- 


6 Unpublished experiments. 


| 
| — jhe 
|| 
1,378 + 127 
1,788 + 214 |__| 
1714 13 
565 + 75 
1,366 + 130 
13 
12 
13 
10 
| 
es 
ae 


1694 McMENAMY, LUND AND WALLACH 


cytic leukemia who had not had chemotherapy or 
X-ray treatments, or who had not had such treat- 
ment for a period of four months preceding the 
assay. Only alanine, proline, tyrosine and prob- 
ably arginine were at concentrations comparable 
with those in the leukocytes of normal subjects. 
Glutamic acid, O-phosphoethanolamine and etha- 
nolamine were at very high concentrations, Ex- 
cluding these seven substances the average con- 
centrations of the remaining amino acids were 50 
per cent less than those of normal subjects. Glu- 
tamine concentration was only 40 per cent of that 
found in normal leukocytes. This substance was 
also found to be slightly lower in the erythrocytes 
of the leukemic patients, but it was not lower in 
the leukocytes of granulocytic and monocytic leu- 
kemias (category a) Rouser (4) and others (8) 
noted a tendency for low glutamine values in ma- 
lignant tissues and have discussed its possible sig- 
nificance. 

A serious drawback in the current study of 
patients with lymphocytic leukemia was the fail- 
ure to obtain analyses of pure lymphocytes from 
normal subjects. The lymphocytes comprise not 


more than 15 per cent of the total packed-cell vol- 
ume in normal blood analyses. We have there- 
fore no accurate estimate of the unbound amino 
acid concentration’ in normal lymphocytes and 
could only compare the concentration of the amino 
acids in the lymphocytes of these patients with 
normal leukocytes which include different cell 
types. In the study of the concentrations of un- 
bound amino acids in treated lymphocytic leukemic 
patients, to be discussed in the following sections, 
large changes were observed, which depended upon 
the patients’ treatment. For this reason it was 
very helpful to know the concentrations of the 
amino acids in the leukocytes of untreated patients. 

c) Chronic lymphocytic leukemia after treatment 
with chemotherapeutic agents. In this category 
are included three patients who had been treated 
with 4-[p-bis(2-chloroethyl)aminophenyl] butyric 
acid (Chlorambucil, Burroughs Wellcome; two 
analyses were conducted on one patient after two 
different periods of treatment); one patient who 
had been treated with 2,4,6-triethyleneimino-s- 
triazine (TEM, Lederle) ; and one patient who 


had been treated with nitrogen mustard (2,2’- 


TABLE V 


Concentration of unbound amino acids in leukocytes of untreated chronic lymphocytic leukemic patients * 


No. of 
analyses Mean 


umoles/kg water 


put normal meant 


Analyses with values 
2SD higher than 
normal meant 


Analyses with values 
2SD less than 


Alanine 
Arginine 
Glutamic acid 
Glutamine 
Histidine 
Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 
Threonine 
Tryptophan 
I'yrosine 
Valine 
Ethanolamine 


Leucine plus isoleucine 


2,739 + 257§ 
<151 + [23] 
5,236 + 640 
1,092 + 97 
<360 + [53] 
977 + 112 
<188 + [21] 
1,169 + 146 
<312 + [20] 
670 + 65 
1,166 + 148 
<126+ 
<313 + [44 
709 + 109 
<431 4 
<896 + [148 


ns 
ns 
SH (0.45) 
SL (0.05) 
SL (0.10) 
SL (0.10) 
SL (0.30) 
SL (0.20) 
SL (0.20) 
ns 
SL (0.05) 
SL (0.50) 
ns 


0 
0 


0 
L10, 12, 15 


L9, 10, 10a, 12, 15 
2 


15,9; 20,113,412, 15 
0 


0 
18 


10, 1S 


0 
112,45 


0 
2, 3; 9; 80a, 12,13 
) 


( 
0 


7,235 + 790 
15,233 + 1,410 
9,282 + 1,070 


0.247 + 0.012 


Serine plus glycine 
laurine 
O-phosphoethanolamine 


Cell volume} 


* Patient assays L2, 5, 9, 10, 10a, 11, 12, 13, 15, 16, 18. 


t See footnote* to Table I. 
t Taken from reference (1). 


SH (0.02) 0 
SL ( <0.01) all low 


0 
L.12, 15, 16 
0 


0 
L2,;5, 9, 40, 10a, 11, 
12, 13, 15, 16, 18 
0 


§ Standard deviation of the mean. Values in brackets are approximate. 


|| Volume of one billion leukocytes. 
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TABLE VI 


Nitrogen 
mustard 
Li7 


Alanine 

Arginine 

Glutamic acid 
Glutamine 
Histidine 

Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 

Threonine 
Tryptophan 
Tyrosine 

Valine 
Ethanolamine 
Leucine plus isoleucine 
Serine plus glycine 
Taurine 
O-phosphoethanolamine 
Cell volumet 

Cell countt 


2,690 
100 
4,290 


19,700 
4,700 
0.27 | 
56.0 


* The values are expressed as micromoles per kilogram water. The symbol | following the number in the column 


indicates that the value is at least 2 SD below the normal mean. 


value is at least 2 SD above the normal mean (1). 
t Volume of one billion leukocytes. 
t Counts per mm® X 1073 of whole blood. 


dichloro-N-methyldiethylamine, Merck). The as- 
says of these patients are listed in Table VI. As 


previously noted, the high concentrations of 
O-phosphoethanolamine typical of the untreated 
chronic lymphocytic leukemias were not uniformly 
found in this group of patients. Furthermore, 
glutamic acid was not as high in the leukocytes 
of this group as in other leukemic patients. Other 
amino acids showed large variations in concentra- 
tion which appeared to be influenced by the type 
of treatment and period of time after treatment. 
A discussion of these effects in each of these pa- 
tients follows. 

In the leukocytes of two patients (assays L1 
and L6) shortly after treatment with Chlorambu- 
cil, concentrations of amino acids were consider- 
ably higher than those found in untreated patients. 
Thus, in assay L1, from Patient H.B. on the tenth 
day after the start of a three week course of 
Chlorambucil, amino acid concentrations were ap- 
proximately 40 per cent higher than those of un- 
treated chronic lymphocytic patients. With the 
exception of histidine, ornithine, and threonine, 
whose concentrations were low, the unbound amino 
acid concentrations for this assay were comparable 


The symbol 7 following the number indicates that the 


with the concentrations in leukocytes of normal 
subjects. In analysis L6, taken from Patient 
A.J.R. on the nineteenth day after completion of 
a three week course of Chloroambucil, a very 
marked increase in the unbound amino acid con- 
centrations was observed. The values were much 
higher than the concentrations which had been 
found for untreated chronic lymphocytic leukemics 
and were higher than 2 SD from the means from 
normal leukocytes in all substances except for 
glutamic acid, glutamine, taurine and O-phospho- 
ethanolamine. The white cell counts of both of 
these patients had been brought down by the 
treatment from high to normal levels. The vol- 
ume of the cells was unchanged by the chemo- 
therapy. The differential count for Patient H.B. 
showed 87 per cent lymphocytes and 9 per cent 
polymorphonuclear neutrophils. The differential 
count for Patient A.J.R. in analysis L6, however, 
had been changed from predominantly lympho- 
cytes before treatment to a differential count of 
70 per cent polymorphonuclear neutrophils, 10 per 
cent lymphocytes and 6 per cent myelocytes after 
treatmeiit. 
acid concentrations 


The large change in unbound amino 
therefore accompanied a 
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m ‘ Concentration of unbound amino acids in leukocytes of treated chronic lymphocytic leukemic patients * é 
Chlorambucil 
Li L6 L3 L4 Li4 = 
; 2,030 7,200 7 330 | 3,550 1,240 ae 
1,000 800 <100 200 <100 Po 
3,100 4,230 750 | 3,900 5,200 Tf ES 
2,200 2,530 1,500 1,100 1,100 2,550 
<200 | 3,660 7 <200 | 90 | 620 950 | 
2,900 5,950 7 <500 610 410 | 1,680 ae 
660 <100 310 
.*) <400 | 16,000 7 <200 | <200 | 330 | 700 | ie 
ee 700 <600 150 <300 950 2,200 
730 2,800 <200 | 530 870 1,630 7 
Reh <700 | 6,400 7 970 | 735 | 1,040 1,570 ie 
290 600 7 <50 60 150 550 
a 880 2,700 7 180 210 400 900 tu 
hi 1,460 2,800 7 430 430 820 1,230 | 
<300 < 600 1,950 7 <300 <200 <200 
6,750 7 330 | 590 | 1,000 1,290 i 
. 8,400 71,000 7 2,700 | 4,300 87,000 7 9,000 of 
21,000 49,000 10,600 22,000 13,600 4 
3,400 5,580 7 12,400 7 | 
0.37 | 0.31 | 0.31 | 0.33 | 0.28 | s 
9.3 5.0 67.0 9.3 57.0 
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change in the proportion of cell types in this pa- 
tient. This increase could not be explained solely 
by a change in cell type, since other patients with 
cell types similar to those in assay L6 did not 
show elevated amino acid concentrations. 

Two analyses from one patient were taken 44 
days (assay L3) and 75 days (assay L4) after 
completion of different series of Chloroambucil 
treatment (see Table VI). The unbound amino 
acid concentrations found in each were either as 
low as or lower than the concentrations found 
in untreated patients. Presumably the critical 
stage of elevated amino acid concentrations follow- 
ing treatment had passed. However, the response 
of this patient to Chlorambucil had not been satis- 
factory as far as white count depression was con- 
cerned. Analysis L3 was unique in that it showed 
the lowest unbound amino acid concentration ever 
found. The average concentration was approxi- 
mately one-fourth that found in normal leukocytes. 
Glutamine was normal and ethanolamine was ele- 
The unbound amino acid analyses of the 
urine for this assay were also very low. The 
white count was 67,000 per mm* for analysis L3 
and 56,000 per mm* for analysis L4. The cell 
type in both analyses was essentially all lympho- 


vated. 


cytic. 

One assay (1.14) was conducted on a patient 
on the twelfth day following completion of treat- 
ment with TEM, and another assay (L17) was 
conducted on a patient who had had treatment 
with nitrogen mustard on the eighteenth, seven- 
teenth and fourth days prior to the assay. The 
results of these assays are listed in Table VI. 
O-phosphoethanolamine was elevated in the. leu- 
kocytes of both of these patients, glutamic acid was 
elevated in one. Other amino acid concentrations 
were irregular but usually higher than those found 
in untreated chronic lymphocytic leukemic patients. 
A different response to treatment by Chlorambu- 
cil and these two compounds in relation to O-phos- 
phoethanolamine and glutamic acid reduction is 
thus implied although the number of subjects in- 
volved is very small. 

d) Chronic lymphocytic leukemia after X-ray 
treatment. A patient with chronic lymphocytic 
leukemia and large deposits of lymphosarcoma 
had two tests conducted in association with X-ray 
treatment and a third test conducted well after the 
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period of X-ray treatment; Table VII lists the 
leukocyte and urine values for these analyses. 
The first analysis was made on the day after the 
first exposure to 20 r units of total body radiation. 
Alanine, glutamic acid, taurine and O-phospho- 
ethanolamine concentrations in the leukocytes were 
elevated 5-, 20-, 4- and 20-fold, respectively, above 
the mean of normal subjects as well as above that 
of the untreated lymphocytic leukemic patients. 
Several of the other amino acids were moderately 
elevated, whereas only histidine and ornithine were 
low. After completion of the first course of X-ray 
treatment, the white cell counts of the patient 
were reduced from 487,000 to 9,500 per mm* in 
three months, but the masses of lymphosarcoma 
in various areas of the lymph nodes were not much 
A second course of X-ray consisting 
of 40 r units per treatment to large areas of the 
body, but not total body radiation, was given on 
the sixth, fourth, third and second days prior to 
Some reduction in the quan- 


reduced. 


the second analysis. 
tity of the amino acids in very high concentrations 
was noted when compared with the earlier analy- 
sis. However, alanine, glutamic acid, leucine plus 
isoleucine, lysine, threonine, and serine plus gly- 
cine were elevated approximately twofold above 
the normal range and O-phosphoethanolamine 
was elevated eightfold. On the third analysis, 135 
days following the second course of X-ray treat- 
ment, and with no intervening treatment of any 
kind except transfusions, the leukocyte levels had 
returned to the state of the typical untreated 
chronic lymphocytic leukemia. The elevated 
amino acid concentrations in the leukocytes fol- 
lowing X-ray treatment were not influenced by 
the magnitude of the white cell count as these dif- 
fered enormously : 490,000, 9,500 and 22,000 per 
mm? for bloods from analyses L7, L8 and LY, re- 
spectively. No changes occurred in cell type fol- 
lowing X-ray (all lymphocytes). The packed-cell 
volumes of the leukocytes in these assays were not 


significantly larger than the packed-cell volumes 


of lymphocytic leukemic patients who had not had 
X-ray irradiation. This does not agree with the 
increases in cell volumes observed by others fol- 
lowing im vivo irradiation of Yoshida sarcoma 
cells in rats (10) or Ehrlich carcinoma cells in 
mice (11). 


Except for an increased concentration of urea 
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L7 
24 hrs after X-ray 


Leukocytes Urine 
Alanine 13,500 11.0 
Arginine 
Glutamic acid 65,000 7 
Glutamine 7,100 7 66.0 7 
Histidine 200 | 40.0 
Lysine 5,450 7 
Methionine 500 
Ornithine 500 | 
Phenylalanine 930 5.0 
Proline 1,440 
Threonine 4,850 7 16.6 
Tryptophan 250 
Tyrosine 1,000 6.4 
Valine 1,600 4.8 
Ethanolamine 68.0 T 
Leucine plus isoleucine 2,400 
Serine plus glycine 20,200 56.0 
Taurine 115,000 7 220.0 Tf 
Urea 21,400 
O-phosphoethanolamine 63,000 7 
Cell volumet 0.31 | 


Cell countt 490.0 
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TABLE 


Relationship between the unbound amino acid concentrations in the leukocytes and their excretion rates 
in the urine of a patient following X-ray treatments * 


Vil 


Ls L9 
48 hrs after X-ray 135 days after X-ray 
Leukocytes Urine Leukocytes Urine 
8,500 TF 14.6 3,760 10.0 
100 290 
8,500 6,570 
2,580 28.6 1,570 15.0 
1,600 7 68.0 240 | 35.0 
5,900 12.7 1,410 3.7 
100 
2,850 940 
1,510 8.3 300 24 
2,000 7 970 
5,830 7 11.0 1,290 9.0 
460 100 
1,050 7 4.1 450 2.8 
3,200 7 3.6 940 1.0 
840 17.0 890 2.7 
5,250 T 1,100 
46,000 7 97.0 8,900 35.0 
21,600 116.0 7 23,000 28.0 
15,400 11,300 
23,000 6,400 
0.31 | 0.28 | 
9.5 22.0 


* Leukocyte values are expressed as micromoles per kilogram water. The urine excretion rates are expressed as 
micromoles excreted per hour. The symbol | following a leukocyte value indicates that it is at least 2 SD below the 
normal mean; the symbol 7 following a value indicates that it is at least 2 SD above the normal mean (1). For the 
urines, these symbols indicate that the values are 50 per cent less than the lowest normal value or 200 per cent greater 


than the highest normal value (5). 
t Volume of one billion leukocytes. 
t Counts per mm* X 107% of whole blood. 


in the plasma and erythrocytes, and an increased 
concentration of glutamic acid in the erythrocytes, 
irradiation did not affect the unbound amino acids 
in the blood compartments other than the leuko- 
cytes. 

High concentrations of phenylalanine and orni- 
thine were observed in the plasma a: ! erythro- 
cytes of this patient (S.G.) without regard to the 
time the assay was conducted after irradiation, 
and therefore these elevated values do not ap- 
pear to be associated with radiation exposure. 

Katz and Hasterlik (12) found, in a study of 
individuals accidentally exposed to varying 
amounts of total body irradiation, that while 
aminoaciduria was evident 12 hours after ex- 
posure the peak excretion was not reached until 
the sixth day. Kay, Early and Entenman (13), 
however, had observed a peak excretion of tau- 
rine and urea in rats five hours after irradiation. 
In the curent study, in which exposure to irradia- 
tion had occurred approximately 24 hours prior to 


assay L7 and approximately 48 hours prior to as- 
say L8, taurine excretion rates were very high in 
both assays, and urea, glutamine, and ethanolamine 
excretion rates were moderately high. Of con- 
siderable interest in this study was the correla- 
tion between the high excretion rates and high 
concentrations of some compounds in the plasma, 
erythrocytes and leukocytes following the X-ray 
exposure. Thus the high excretion rate of tau- 
rine corresponded to high concentrations of tau- 
rine in the leukocytes. High excretion rates of 
glutamine corresponded to high concentrations of 
glutamic acid (the precursor for the glutamine ex- 
creted in the urine) in the leukocytes and erythro- 
cytes. High excretion rates of ethanolamine in as- 
say L7 corresponded to a very high concentration 
of O-phosphoethanolamine in the leukocytes 
(O-phosphoethanolamine is presumably hydro- 
lyzed to give ethanolamine). Finally, high excre- 
tions of urea corresponded to high concentrations 
of urea in the plasma and erythrocytes. 
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Excretion of amino acids in the urines of leukemic rine excretion rates which did not appear to be 

patients associated with any particular form of leukemia 
or treatment. In the analysis of one patient (as- 
say L10a) serine plus glycine was excreted at the 
very high level of 390 moles per hour with some- 
table since some of their values were very high what moderate increases in excretion of the other 
and they have been presented separately in  @™ino acids. An unusual feature of this patient 
Table VII; assays L12 and L15 were lost. Col- WS that in an analysis 74 days earlier, and with 
umns 5 and 6 of this table list the patients with "0° 4pparent intervening change having taken place 
very low or very high excretions for particular ™ the patient’s condition, a normal excretion rate 
substances. The mean excfetion rates of the pa- fT all substances was found (assay L10).  Pro- 
tients are reasonably close to those of normal sub-  /ime and valine, which were usually not found in 
jects. Several substances showed occasional the urines of normal subjects, were excreted in 
large fluctuations in the patients’ excretion. Tau- 
rine was high in two analyses, 1.4 at 80 pmoles per 
hour and M2 at 310 pmoles per hour. The pa- 
tient with assay L4 was on Day 75 following a 
course of Chlorambucil and on the third day after 
the start of a new course of Chlorambucil, but was 
not otherwise unusual. The patient with assay 
M2, in addition to extremely high taurine excre- 
tion also had a moderately high excretion rate for 
many other substances. This patient, in addition 
to monocytic leukemia, had an acute rectal abscess 
which may have influenced the amino acid excre- | phoethanolamine formation, rather than being ex- 
tion pattern. Several of the patients had low tau- creted. The possibility of the excretion of etha- 


The means and ranges of the excretion rates for 
29 ‘of the leukemic patients are given in Table 
VIII. Assays L7 and L8 were omitted from this 


increased amounts by some of the patients. 

A rather unusual finding was the low excretion 
rate for ethanolamine in six urines of patients 
with chronic lymphocytic leukemia. Ethanolamine 
was elevated in the plasma and erythrocytes of 
some of the patients. However, except for an 
analysis following X-ray exposure, ethanolamine 
was never excreted by the patients in amounts 
greater than those excreted by normal subjects. 
This suggests that ethanolamine is being utilized 
in some manner, perhaps associated with O-phos- 


TABLE VIII 


Analyses with 

values higher 

Analyses with values than 200% of 

less than 50% of highest normal 
lowest normal valuet valuet 


i 0 


Arginine 

Glutamine 

Histidine 

Lysine 

Methionine 

Ornithine 
Phenylalanine 

Proline 

Threonine 
Tryptophan 

Tyrosine 

Valine 

Ethanolamine 
Guanidoacetic acid 
Leucine plus isoleucine 
Serine plus glycine 
Taurine 

Urea 

8-Amino isobutyric acid 


G13, L3 


| 


w 


ww 


AA 


G13 
G4, L1, 10, 16 
0 


S 


SR CONUS SHON 


AAAA 


excreted per hour. 
+ The ranges for the normal values are taken from reference (5). 


n> 
; 
: 
x Rate of excretion of unbound amino acids in urines of leukemic patients * 
analyses Mean Range 
0 
0 
27 1 8 30.0 0 
29 8 5 
26 7 2 0 
29 0 
19 2 0 
29 0 
29 G4, 8, L3 
26 0 
29 1 0 
29 2 0 
ces 29 1 M2, L4, 10a, 14 
27 2 , 16,17 0 
| | 
29 ) 0 
Rae 29 5 <8. L10a 
LAS 29 1 2.7-310.0 M2, L4 
28 2,900-19,400 0 
2 14 20 
eae. * Urines of assays L7, L8, L12, and L15 are excluded from these averages. Values are expressed as micromoles 
. 


nolamine in a complex form was not investigated. 
In any event, the results of this study strongly sup- 
port a disturbed ethanolamine and O-phospho- 
ethanolamine metabolism in the leukemic patients. 

8-Amino isobutyric acid, which was found in- 
frequently in our analyses of normal subjects (1), 
was found in moderate amounts in urine assays 
L1 and L3; both patients had had treatment with 
Chlorambucil. In some of our assays an unidenti- 
fied ninhydrin-positive substance in very high 
concentration interfered with the estimation of 
B-amino isobutyric acid. Fink, Henderson and 
Fink (14) first reported the presence of B-amino 
isobutyric acid in urine. These workers noted 
that its concentration was occasionally very high 
in cancer patients and apparently related to the 
neoplastic process. Awapara (15) found B-amino 
isobutyric acid to be excreted in large amounts in 
the urines of leukemic patients treated with ni- 
trogen mustard, provided the analysis coincided 
with a particular time interval after the treatment. 


DISCUSSION 


In all four of the body compartments of leukemic 
patients (that is, plasma, erythrocytes, leukocytes, 
and urine) differences from normal subjects have 
been found to exist. These are reported in some 
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TABLE 


Tabulation of the principal differences in concentrations of unbound amino acids and other substances 
found in the study of the leukemic patients when compared with normal subjects * 
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detail in the preceding section. For brevity and 
easy reference the principal findings in each com- 
partment are also tabulated in Table IX. It is 
important to recognize that while some changes 
were reflected simultaneously in two compart- 
ments, e€.g., increase in glutamic acid and proline 
in both erythrocytes and leukocytes of the leuke- 
mic patients, other changes occurred in only one 
specific compartment, e.g., increase in serine plus 
glycine in the ervthrocytes, increases of ornithine 
in the erythrocytes, or decreases of ornithine in 
the leukocytes. By virtue of these different re- 
sponses, it must be concluded that in leukemia each 
of the fluid compartments is affected in a different 
manner. 

One may speculate at some length on the signifi- 
cance of the complex changes observed in the leu- 
kemic patients. One of the most striking, and 
certainly one which appears to be common to the 
neoplastic process, since it is also found in other 
malignancies (7, 8), is the elevated cell glutamic 
acid concentration. In the present study high 
glutamic acid was observed not only in the leu- 
kocytes but also in the erythrocytes. The cause 
of its elevation is not clear; it may be due to an 
alteration in metabolism of the cancer cells, such 
as in the citric acid cycle where a-ketoglutarate 


IX 


Leukocytes Urinet 
Erythro- Other leukemic 
Plasma cytes G&ML UCLL CCLL XCLL XCLL patients 
Alanine 22 ns ns ns fluct SH ns ns 
Glutamic acid SH SH SH fluct SH 
Glutamine ns ns ns ns ns fluct high ns 
Ornithine SH SH SL SL fluct fluct 
Proline ns SH SH ns fluct fluct ns ns 
Ergothioneine (CGL only) SL 
Ethanolamine high high ns high fluct SH high low 
(UCLL only) 
Serine plus glycine ns SH ns Si fluct fluct ns fluct 
Urea SH SH ns ns 
Taurine ns ns ns SH high fluct 
O-phosphoethanolamine SH SH fluct SH 
Other amino acids ns ns ns mostly fluct mostly ns ns 
low high 
Cell volume is SL SL SL 


*G&ML = granulocytic and monocytic leukemic patients. UCLL = chronic lymphocytic leukemic patients 
untreated by chemotherapy or X-ray irradiation. CCLL = chronic lymphocytic leukemic patients treated with chemo- 
therapeutic agents. XCLL = a chronic lymphocytic leukemic patient after X-ray irradiation. CGL = chronic granu- 
locytic leukemia. SH = significantly high. SL = significantly low; ns = not significantly different; fluct = fluctuated. 

+ The other amino acids include a-amino-n-butyric acid, arginine, histidine, lysine, methionine, phenylalanine, 
threonine, tyrosine, valine, leucine plus isoleucine, serine plus glycine, and ergothioneine (excluding chronic granulocytic 
leukemia). 
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is a congener of glutamic acid or in transamidation 
where glutamic acid is involved, or it may be the 
result of some unknown defect. 

Equally less well understood in its role is the 
increase of O-phosphoethanolamine in the leuko- 
cytes. This substance has also been reported ele- 
vated in malignant tissues by others (6). Be- 
cause it is to a large extent normally fixed in the 
structure of the cell lipid, the increase may be the 
result of more rapid turnover of the leukemic 
as compared with normal cells. The increase in 
O-phosphoethanolamine concentration in the leu- 
kemic white cells is so marked that its use for the 
diagnosis of leukemia may be feasible. It is of ad- 
ditional interest that both glutamic acid and 
Q-phosphoethanolamine are reduced in concen- 
tration in the remission following treatment with 
Chlorambucil, 

A number of changes in concentrations of other 
substances were noted. Certainly the marked re- 
duction of ergothioneine in the chronic granulo- 
cytic leukemic patients should be further in- 
vestigated. Also, the finding of increased con- 
centrations of amino acids in the leukocytes fol- 
lowing extensive body radiation is of much in- 
terest. In the latter investigations only small 
changes were observed in the plasma and erythro- 
cytes, which suggests that the leukocytes may be 
the more susceptible to radiation damage. 


SUMMARY 


Interrelationships among the amino acid con- 
centrations in the blood cells, plasma and urine 
of patients with chronic granulocytic, chronic 
lymphocytic, acute granulocytic, subacute granu- 
locytic and monocytic leukemia have been studied. 
When compared with normal subjects the follow- 
ing significant differences were observed. 

1. Findings common to all the leukemic pa- 
tients: a) In the plasma, ornithine, ethanolamine 
and urea were high, alanine was low. }) In the 
erythrocytes, ornithine, ethanolamine, 
serine plus glycine, and urea were high. c) In the 
leukocytes, O-phosphoethanolamine, glutamic acid 
and proline were high, ornithine was low. Pro- 
line was high in the leukocytes of the chronic 


proline, 


lymphocytic leukemic patients only when com- 


pared relative to the other amino acids. d) Orni- 
thine and urea concentrations were found to be 
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related, that is, increased and decreased together, 
in the plasma of leukemic patients with adequate 
kidney function. e¢) Ornithine concentrations in- 
creased in the plasma and erythrocytes but de- 
creased in the leukocytes of the leukemic patients. 

2. Findings common to certain types of leukemia 
or treatment of leukemia: a) B-Amino isobutyric 
acid, which was not found in normal plasma, was 
found in two plasmas after the patients had been 
treated with Chlorambucil.1. Ergothioneine 
was decreased (average, 75 per cent) in the eryth- 
rocytes of chronic granulocytic leukemic patients. 
c) Ethanolamine was high, alanine, proline, tyro- 
sine, and probably arginine were in the normal 
range; all other substances, except glutamic acid 
and QO-phosphoethanolamine mentioned above, 
were low in the leukocytes of untreated chronic 
lymphocytic leukemic patients. d) In the leuko- 
cytes of two chronic lymphocytic leukemic pa- 
tients, one 10 days after the start of Chlorambucil 
treatment, the other 19 days after completion of a 
series of Chlorambucil treatments, most of the 
amino acid concentrations were irregularly in- 
creased. In the leukocytes of another chronic 
lymphocytic leukemic patient, on Day 44 and Day 
75 following completion of treatment by Chloram- 
bucil, most of the amino acid concentrations were 
very low. In both of these groups of patients 
there was a tendency for the concentrations of 
glutamic acid and O-phosphoethanolamine to de- 
crease from very high values (characteristic of 
leukemia) to values approaching those of normal 
subjects. ¢) In the leukocytes of a chronic lymph- 
ocytic leukemic patient 12 days after treatment 
with TEM ? and a similar patient on Days 18, 17 
and 4 after treatment with nitrogen mustard * con- 
centrations of amino acids were irregular but 
somewhat elevated. /) In the leukocytes of a 
chronic lymphocytic leukemic patient 24 hours 
and 48 hours after X-ray irradiation, most of the 
amino acids were highly elevated. A high excre- 
tion rate of urea, glutamine, taurine and ethanol- 
amine in the urine of this patient correlated well 
with high concentrations of these substances or 
their precursors in either the plasma or the blood 
cells. yg) In the urine of some of the untreated 
chronic lymphocytic leukemic patients ethanola- 
mine was excreted in low amounts. Irregular ex- 
cretion rates of a few other compounds were ob- 
served in urines of leukemic patients but without 
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regard to the type of leukemia. h) Arginine was ACKNOWLEDGMENT 
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CASE HISTORIES 


Terms and abbreviations 


The letter and number following the patients’ initials are the sex and age. Prior treatments 
are those that were given for leukemia four months or more before the assay. Recent treatments 
are those that were given for leukemia less than four months before the assay. Hematology. 
The leukocyte counts per mm* blood (WBC) were taken the day of the assay. Hematocrits 
(Het.), grams hemoglobin per 100 ml blood (Hg.), and platelet counts per mm* blood (Plat. C.) 
were taken the day of the assay or several days before. 

Aristocort (Lederle) = triamcinolone. Chlorambucil (Burroughs Wellcome) = 4-[p-bis(2- 
chloroethyl)amino phenyl] butyric acid. Meticorten (Schering) = prednisone. Myleran (Bur- 
roughs Wellcome) = tetra-ethylenemethane sulfonic acid. Nitrogen mustard (Merck Sharp & 
Dohme) = 2,2'-dichloro-N-methyldiethylamine hydrochloride. Orinase (Upjohn)  1-butyl-3- 
ptolysulfonyl-urea. TEM (Lederle) = 2,4,6-triethyleneimino-s-triazine. 


Chronic lymphatic leukemia 


L1: H.B. M 54 Complication, diabetes mellitus, insulin treatment 


Prior treatment, X-ray 1953-1956 

Recent treatment, Chlorambucil 6 mg/day 9/21-10/1/57 
Red cell transfusion 500 ml 9/30/57 

Hematology, WBC 11,600; Hg. 8.3 g Plat. C., 150,000 

Assay no. 1 10/1/57 


L2: T.McC. M 75 Complication, carcinoma of skin 
Prior treatment, none 


Recent treatment, Chlorambucil, 10 mg/day 5/21-5/29/58 

Hematology, WBC 52,000; Hg. 11.9 g Plat. C., 80,000 

Assay no. 1 5/29/58 

L3: A.R. F 67 Complication, diabetes mellitus, insulin treatment 

Prior treatment, X-ray 1955-1956 
TEM 2.5 mg 3 times/week 4/6-6/2/56 
Chlorambucil, 6 mg/day at intervals 1956 

Recent treatment, Chlorambucil, 6 mg/day 6/10-7/9/57 

__ Chlorambucil, 6 mg/day 10/16-11/7/57 

Hematology, WBC, 95,000; Hg. 14.5 g Plat. C., 150,000 

Assay no. 1 10/21/57 


L4: A.R. See above 
Prior treatment, see above 


Recent treatment, Chlorambucil 6 mg/day 3/6-3/27/58 
Chlorambucil 6 mg/day ; 4/3-4/24/58 

Hematology, WBC 83,600 

Assay no. 2 7/7/58 


L5: A.J.R. F 67 Complication, diabetes mellitus, insulin treatment 
Treatment, none 

Hematology, WBC 35,500; Hg. 13.6 g 

Assay no. 1 


5/28/58 
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L6: A.J.R. See above 
Recent treatment, Chlorambucil, 8 mg/day 
Hematology, WBC 5,000 
Assay no. 2 


L7: T.S. M 65 Complication, lymphosarcoma of axilla and 
mediastinum 
Recent treatment, 10 daily treatments of spray X-ray, each 20 r 
Red cell transfusion, 500 ml 
Hematology, WBC 487,000, Hg. 10.0 g 


Assay no. 1 


L8: T.S. See above 
Recent treatment, 4 X-ray treatments to sarcoma, 40 r each 
Red cell transfusions 500 ml 
Testosterone 100 mg 3 times/week 
Hematology, WBC 9,500; Hg. 9.7 g Plat. C., 13,000 
Assay no. 2 


L9: T.S. See above 
Recent treatment, red cell transfusions 1500 ml 
Testosterone, 50 mg 3 times/week 
Hematology, WBC 22,000 


Assay no. 3 


L110: C.L. M 63 Complication, cerebral artery occlusion 
Treatment, none 
Hematology, WBC 19,000; Hg. 14.0 ¢ 


Assay no. 1 


L11: A.L. M 50 Complication, diabetes mellitus, Orinase treatment 
Treatment, none 
Hematology, WBC 22,600; Hg. 12.4 g Plat. C., 200,000 


Assay no. 1 


L12: T.K. M 73 Complication, bronchopneumonia, antibiotic 
treatment 
Treatment, Whole blood transfusion 1000 ml 
Hematology, WBC 150,000; Hg. 8.3 ¢ 


Assay no. 1 


113: C.V. M 63 Complication, pneumococcal pneumonia; penicillin 
treatment 
Treatment, none 
Hematology, WBC 60,000; Het. 44 
Assay no. 1 


L14: F.C. M 44 
Prior treatment, TEM intermittent 
Recent treatment, TEM 2.5 mg/day 
Hematology, WBC 9,300; Het. 41.5 
Assay no. 1 


1.15: M.P. F 79 Complications, staphylococcus pneumonia and 
arteriosclerotic heart disease, penicillin and digitalis treat- 
ment 

Prior treatment, Chlorambucil 12 mg/day for 30 days 
X-ray to mediastinum 

Recent, none 

Hematology, WBC 12,500; Het. 31 


Assay no. 1 


5/27-6/18/58 


7/7/58 


12/12-12/23/57 


12/12/57 


12/13/57 


3/8, 3/10, 3/11 and 3/12/58 
1/12 and 2/12/58 
2/12-5/23/58 


3/14/58 


3/15 and 7/28/58 
5/23-7/28/58 


7/28/58 


10/30/58 


10/24/58 


12/13/58 


12/19/58 


2/6/59 


1951-1959 
1/15-1/29/59 


2/10/59 


1956 
1/59 


3/19/59 


| 
: 
4 
\ 
— 
She 
‘ 
Se 
Ay 
; 
ed 
| 
4 


UNBOUND AMINO ACIDS IN BLOOD COMPONENTS AND URINE IN LEUKEMIA 


L16: L.M. M 67 
Treatment, none 
Hematology, WBC 139,500; Het. 28 
Assay no. 1 


L17: L.M. See above 
Recent treatment, whole blood transfusion 500 ml 
Nitrogen mustard 17 mg 
Nitrogen mustard 10 mg 
Hematology, WBC 57,000; Hct. 35 
Assay no. 2 


Lid; FA 
Recent treatment, whole blood transfusion 2500 ml 
Chlorambucil 10 mg/day 
Cortisone 20 mg/6 hrs 
Hematology, WBC 46,000; Het. 19 
Assay no. 1 


Granulocytic leukemia 


G1: G.B. F 28 Type of leukemia: chronic 
Prior treatment, spray X-ray 
Recent treatment, Myleran, 4 mg/day 
Hematology, WBC 236,000; Hg. 13.4 g Plat. C., 360,000 
Assay no. | 


G2: G.B. See above 
Recent treatment, Myleran 2 mg/day 
Hematology, WBC 9,500; Hg. 13.5 g Plat. C., very high 
Assay no, 2 


G3: V.M. F 66 Type of leukemia: chronic 
Prior treatment, spray X-ray 
Recent treatment, none 
Hematology, WBC 19,500; Hg. 10.5 g 
Assay no. 1 


G4: J.R. M 45 Type of leukemia: chronic 
Prior treatment, spray X-ray 
Recent treatment, none 
Hematology, WBC 56,500; Hg. 14.5 g Plat. C., 260,000 
Assay no. 1 


G5: E.G. F 14 Type of leukemia: acute 
Complication, leukemic infiltration of lungs 
Prior treatment, multiple whole bloods 
6-Mercaptopurine 25 mg/day 
Aristocort 12 mg/day 
Recent treatment, multiple whole blood transfusions 
6-Mercaptopurine 25 mg/day 
Meticorten 25 mg/day 
Hematology, WBC 7,900; Hg. 10.2 g Plat. C., 20,000 
Assay no. 1 
G6: P.R. M 68 Type of leukemia: acute 
Complication, leukemic infiltration of lungs 
Recent treatment, whole blood transfusions 2.0 or 2.5 1 per mo 
6-Mercaptopurine 50 mg/day 
Meticorten 5 mg/day 
Testosterone 100 mg/day 
X-ray to lungs 50 r 
Hematology, WBC 12,000; Hg. 8.2 g Plat. C., 63,000 


Assay no. 1 


4/13/59 


4/13/59 


4/13 and 4/14/59 


4/28/59 


5/1/59 


5/5-5/8/59 
5/6-5/27/59 
5/6-5/27/59 
5/8/59 


1956 
3/31-4/19/58 


4/2/58 


7/30-9/17/58 


9/17/58 


1956 and 1957 


9/30/57 


1956 and 1957 


11/14/57 


1/18-3/17/58 
1/18-3/17/58 
1/18-3/18/58 
3/20-5/7/58 
3/20-5/7/58 
3/20-5/7/58 


5/7/58 


9/25/57-1/8/58 
9/25/37-1/8/58 
9/25/57-1/8/58 
1/7/58 
1/7/58 


1/7/58 
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G7: A.C. F 69 Type of leukemia: subacute 
Precursor condition, polycythemia vera 
Complications, diabetes mellitus, Orinase treatment; cholelithiasis 
Prior treatment, X-ray to spleen 
Recent treatment, X-ray to spleen 
6-Mercaptopurine 25 mg/day 
Hematology, WBC 16,000 Plat. C., low 
Assay no. 1 


G8: G.J. F 69 Type of leukemia: subacute 
Precursor condition, polycythemia vera 
Complications, diabetes mellitus, insulin treatment; acute pan- 
creatitis ; cholelithiasis with operation 
Recent treatment, Myleran 12 mg/day 
Red cell transfusions 500 ml 
Hematology, WBC 16,000 
Assay no. 1 


G9: R.G.H. M 79 Type of leukemia: chronic 
Recent treatment, Myleran 10 mg/day 
Hematology, WBC 68,000; Hg. 13.3 g Plat. C., 24,000 
Assay no. 1 


G10: R.G.H. See above 
Recent treatment, Myleran 10 mg/day 
Hematology, WBC 6,500; Hg. 13.0 ¢ 
Assay no. 2 


G11: R.G.H. See above 
Recent treatment, Myleran 6 mg/day 
Myleran 3 mg/day 
Myleran 2 mg/day 
Hematology, WBC 14,000 
Assay no. 3 


G12: C.W. F 43 Type of leukemia: chronic 
Complication, acute streptococcal pharyngitis 
Treatment, none 
Hematology, WBC 25,000; Hg. 11.9 g Plat. C., 175,000 
Assay no. 1 


G13: J.W. M 60 Type of leukemia: chronic 
Prior treatment, spray X-ray 
Recent treatment, none 
Hematology, WBC 46,000; Hg. 10.0 g Plat. C., 50,000 
Assay no. 1 


Monocytic leukemia 


M1: P.C. M 79 Type of leukemia: chronic 
Recent treatment, Chlorambucil, 10 mg/day 
Hematology, WBC 18,300; Hg. 10.1 g Plat. C., 1,000,000 
Assay no. 1 


M2: P.F. M 72 Type of leukemia: acute 
Complication, acute rectal abscess 
Treatment, none 
Hematology, WBC 7,550; Hg. 9.7 ¢ 
Assay no. 1 


1953-1955 
1955-1956 
10/16/57 
10/17-10/21/57 


10/21/57 


1955-1957 


10/24/57 
11/7-11/14/57 
11/6/57 


11/14/57 


9/18/58 


9/19/58 


9/18-10/7/58 


11/20/58 


2/10-3/10/59 
3/10-5/1/59 
5/1-5/7/59 


5/7/59 


12/9/58 


12/8/58 


9/16/58 


5/8/59 


12/30/57-1/10/58 


1/10/58 


1/15/59 


1/13/59 
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THE ROLE OF PLASMA CO, TENSION AND CARBONIC ANHYDRASE 
ACTIVITY IN THE RENAL REABSORPTION OF BICARBONATE * 
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The reabsorption of bicarbonate by the kidneys 
under normal circumstances appears to be a linear 
function of the plasma CO, tension (1-3). Previ- 
ous studies from this laboratory (4) demonstrated 
that when carbonic anhydrase was inhibited by 
acetazolamide the linear relationship between 
plasma CO, tension and HCO, reabsorption still 
obtained. It was therefore proposed that the un- 
catalyzed, as well as the catalyzed, hydration of 
CO, was an important source of the H* involved 
in the reabsorption of HCO,.. 

The present investigations were undertaken in 
an attempt to characterize more precisely the 
catalyzed and uncatalyzed reactions. By varying 
plasma CO, tension, carbonic anhydrase activity, 
and filtered HCO,,, three aspects of HCO,° reab- 
sorption were examined: 7) the maximal reab- 
sorptive capacity, or the HCO, Tm, with and 
without carbonic anhydrase activity; 2) the rela- 
tion of HCO, excretion to HCO, Tm with and 
without carbonic anhydrase activity; 3) the ca- 
pacity of high plasma CO, tensions to effect com- 
plete HCO, reabsorption in the absence of car- 
bonic anhydrase. 

On the basis of these studies it was concluded 
that HCO, reabsorption is mediated by two dis- 
One process has a HCO, Tm 
which is dependent on plasma pCO, and inde- 
pendent of carbonic anhydrase activity. The sec- 


tinct processes. 


ond process is dependent on carbonic anhydrase, 
independent of plasma pCO,, and necessary for 


* Supported in part by a grant from the National In- 
stitutes of Health, Bethesda, Md., and in part by a grant 


The Dallas Heart Association. This work has 
been presented in part before the meeting of the Ameri- 
can Physiological Society in Atlantic City, April 17, 1959, 
and in part before the meeting of the Southern Society for 
Clinical Research in New Orleans, January 22, 1960. 

+ Work done as a Public Health Service Trainee of 
the National Institute of Arthritis and Metabolic Dis- 
eases, National Institutes of Health. 


from 


the establishment of sharp pH gradients between 
blood and urine. 


METHODS 


Experiments were performed on female dogs anes- 
thetized with either Nembutal, sodium pentothal, or 
Fluothane. An endotracheal tube, fitted with an in- 
flatable cuff, was inserted into the trachea and connected 
to a Bird assisted-respiratory anesthesia unit. Respira- 
tory movements were inhibted by either d-tubocurare, 
succinylcholine, or gallium triethiodide (Flaxedii) to 
facilitate control of rate and depth of ventilation with 
the respirator. The concentration of CO, in inspired air 
varied by controlling the flow rate of 100 per cent CO, 
and 100 per cent O, into the respirator. In some experi- 
ments alveolar pCO, was monitored with a Liston-Becker 
infrared CO, analyzer. 

To determine the time required for HCO, reabsorp- 
tion to stabilize after an abrupt change in plasma pCO., 
2 dogs were studied for 7 periods each. Plasma pCO, 
was abruptly elevated to approximately 150 mm Hg and 
then maintained at this level. Bicarbonate reabsorption 
reached a stable value within 10 minutes and remained 
constant for as long as 2 hours. A 15 minute equilibra- 
tion period was chosen in order not to prolong unneces- 
sarily the length of the experiment. 

In the first group of experiments on 15 normal dogs, 
the effect of pCO, on the maximal HCO, reabsorptive 
capacity (HCO, Tm) was studied. Plasma HCO; con- 
centration was elevated by the injection of 12 g NaHCO, 
and maintained at a high level by the constant infusion 
of isotonic NaHCO, at the rate of approximately 10 ml 
per minute throughout the experiment. Plasma pCO. 
was varied in 10 dogs from extreme respiratory alkalosis 
(pCO., 6 mm Hg) to extreme respiratory acidosis (pCO., 
400 mm Hg) by either hyperventilation or by changing 
the concentration of CO, in the inspired air. In 6 of 
these dogs the study was repeated after the administra- 
tion of acetazolamide, 50 mg per kg body weight. In 
5 additional dogs the studies were performed only after 
the administration of acetazolamide. The kidneys from 
4 of the dogs given acetazolamide were removed at the 
termination of the experiment, weighed, and assayed for 
carbonic anhydrase activity. 

In the second group of experiments the relationship 
of HCO, excretion to HCO; reabsorption was stud- 
ied as plasma HCO, concentration was progressively 
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elevated from low values to levels at which a HCO, 
Tm was demonstrated. Plasma pCO, was maintained 
constant at normal or elevated levels with and with- 
out acetazolamide administration. In 3 dogs pCO, was 
maintained at normal levels (33 to 40 mm Hg) by 
breathing room air. In 4 dogs pCO, was maintained at 
85 to 100 mm Hg by breathing 9 per cent CO, and 91 
per cent O,. Eight additional dogs were studied at the 
normal (4 dogs) and elevated (4 dogs) tensions of CO, 
after the administration of acetazolamide (prime dose 50 
mg per kg body weight; sustaining infusion, 1 mg per 
minute). After plasma pCO. was stabilized for about 
1 hour, plasma HCO, concentration was slowly elevated 
in stepwise fashion from depressed values by injections 
of 6 per cent NaHCO,. After each injection an equili- 
bration period of 15 to 20 minutes was permitted before 
beginning a collection period. 

In the third group of experiments on 4 dogs a mild 
metabolic acidosis was induced by administration of 10 
to 15 g NH,CI on the day preceding the experiment. 
Acetazolamide (25 to 50 mg per kg body weight) was 
administered to inhibit carbonic anhydrase activity. The 
plasma pCO. was then progressively elevated in an at- 
tempt to obliterate HCO, excretion. 

Urines were collected in oiled syringes through an 
indwelling catheter at the mid-point of the collection pe- 
riod for measurement of pH and CO, content. At the 
end of the collection period the bladder was emptied by 
manual compression and washed with 20 ml distilled 
water. Heparinized blood samples were drawn anaero- 
bically from the femoral artery. Methods used were 
those previously described (4). 

To determine the extent to which renal carbonic an- 
hydrase was inhibited by the administration of 50 mg 
per kg of acetazolamide, the kidneys were removed at the 
end of the experiment and perfused with 300 to 500 ml 
of ice-cold isotonic saline to remove all red cells. In 
addition, the saline perfusion served to wash acetazola- 
mide out of the intravascular and interstitial spaces, and 
also out of the tubular lumen, thus minimizing enzyme 
inhibition by acetazolamide not located within renal tu- 
bular cells. The kidneys were then homogenized in ice- 
cold distilled water, diluted 1:50, 1: 100 and 1: 1,000 and 
assayed by the method of Davis (5). With this method 
the addition of 1 ml of 1: 1,000 solution of normal kidney 
to 100 ml of reaction solution produced a fivefold in- 
crease in-the rate constant for the hydration of CO., 
whereas the addition of 200 times this quantity of kidney 
(10 ml of 1:50 solution of kidney) from a dog given 50 
mg acetazolamide per kg body weight had no measurable 
effect on the rate constant. 


RESULTS 


I. Effect of plasma CO, tension on the HCO, Tm 


To study the effects of plasma CO, tension on 
the HCO, Tm, plasma HCO, concentration was 
raised to a level such that filtered HCO, always 


_ the HCO, Tm by at least 25 per cent. 
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greatly exceeded the HCO, Tm. Schwartz, Fal- 
briard and Lemieux (6) have presented data sug- 
gesting that the HCO, Tm is approached gradu- 
ally during acute respiratory acidosis. Data pre- 
sented below (Figure 4), however, show that at 
CO, tensions ranging between 85 and 100 mm Hg 
a Tm of 3.7 mEq per L was obtained when plasma 
HCO, concentration (corrected for Donnan fac- 
tor) reached 41 mEq per L |fie., filtered HCO, 
per unit glomerular filtrate (GF) exceeded the 
Tm by approximately 15 per cent]. Similarly, at 
still higher CO, tensions (150 to 200 mm Hg) a 
Tm was obtained when filtered HCO, per unit 
GF exceeded the Tm by only 10 to 12 per cent 
(7). With the exception of the experiment on 
Dog 4 (which was designed primarily to study 
HCO, reabsorption during respiratory alkalosis ) 
the concentration of HCO,” in GF always exceeded 
In ani- 
mals given acetazolamide, however, the HCO,” 
Tm was reached only when the filtered HCO,” was 
approximately twice the Tm at normal CO, ten- 
sions and about 1.5 to 1.8 times the Tm at ele- 
vated CO, tensions (Figure 5). Therefore, to in- 
sure valid Tm measurements in the presence of 
carbonic anhydrase inhibition, the concentration 
of HCO, in GF was always maintained at a level 
2.5 to 5.0 times greater than the HCO,” Tm. 

A. Intact carbonic anhydrase enzyme system. 


‘In 10 dogs the plasma pCO, was varied from 6 to 


400 mm Hg. The first two protocols of Table I 
summarize representative experiments. Figure 1 
depicts the data from all the studies. The lowest 
plasma pCO, was 6 mm Hg, a level at which 
HCO, reabsorption was still significant (1.4 mEq 
per 100 ml GF). Owing to the invariable ap- 
pearance of pulmonary edema and hemolysis it 
was impossible to study HCO, > reabsorption be- 
low 6mm Hg. For this reason the intercept value 
at zero CO, tension could not be identified. Al- 
though the over-all shape of the curve suggests 
that it might project through the origin, it could 
equally well intercept the vertical axis at some 
point above the origin. 

Unlike previous studies (1-3), it is apparent 
from Figure 1 that increasing plasma pCO, ac- 
celerates HCO, reabsorption in curvilinear fash- 
ion. Although the curve tends to become flat at 
higher CO, tensions, a point was never reached 
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TABLE I 


The effect of COz tension and carbonic anhydrase activity on the maximal 


Plasma Bicarbonate 


Treatment HCO; pH pCO: Cr Flow pH Filt. Excr. 


mEq/L mm ml/ nEq/ 
Hg min min min min 


Dog 4; wt. 30 kg 


0 Anesthesia, sodium pentothal and succinylcholine chloride; infuse 0.15 M NaHCO; at 10 ml/min 


60-70 Hyperventilation 24.3 
70-80 Hyperventilation 22.5 
80-90 Hyperventilation 21.4 
105-115 Breathing room air 33.7 
130-140 Breathing 9% CO: 41.5 
155-165 Breathing 16% CO, 45.3 
180-195 Breathing 23% CO. 50.0 


Dog 11; wt. 12 kg 


0 Anesthesia, sodium pentothal and succinylcholine chloride; prime 12 g Na HCO;; infuse 0.15 M NaHCO; 


at 10 ml/min 


30-40 Hyperventilation 40.7 
55-65 Breathiug room air 46.1 
80-90 Breathing 5% CO, 54.2 
105-115 Breathing 9% CO, 61.0 
130-140 Breathing 17% CO, 66.8 
155-165 Breathing 23% CO. 68.4 
180-190 Breathing 29% CO, 70.8 


8.26 1,475 354 
8.49 1,585 184 
8.49 1,725 153 

3370 363 
5 3,630 251 
3,790 261 
9 41065 375 


28.9 7.34 8.03 1,178 543 
31.0 8.34 (Bk 1,430 547 
29.5 8.07 7.72 1,595 695 
30.0 7.47 7.65 1,830 775 
30.0 6.48 7.55 2,005 715 
29.7 6.22 7.36 2,030 670 
28.7 6.69 7.29 2,030 700 


206 Acetazolamide 600 mg i.v.; infuse 0.15 M NaHCO; at 10 ml/min and acetazolamide at 2 mg/min 


235-245 Breathing room air 67.7 BR 
260-270 Breathing 5% COz 71.0 7.52 
285-295 Breathing 9% 7.48 
310-320 Breathing 17% CO2 7.32 
335-345 Breathing 23% 7.28 
360-370 Breathing 29% CO: id 7.16 
385-393 Breathing 37% CO: ; 7.06 


at which additional increments in pCO, did not 
elicit further increases in HCO, reabsorption. 
The straight line relationship previously reported 
is doubtless the result of the limited range over 
which plasma pCO, was varied. 

B. Inhibited carbonic anhydrase enzyme sys- 
tem. In 11 dogs the HCO, Tm was examined 
while the plasma pCO, was varied from 30 to 350 
mm Hg after injection of large doses of acetazola- 
mide. A sample protocol is presented in Table I; 
the data from all experiments are plotted in Fig- 
ure 2. 

Inhibition of red cell carbonic anhydrase pre- 
vented the lowering of the plasma pCO, below 30 
mm Hg. At any given concentration of CO, in 
the inspired air, arterial pCO, averaged 20 to 40 
mm Hg higher during acetazolamide administra- 
tion than under normal circumstances. 


2S 11.1 7.86 1,458 1,200 
21.3 10.2 7.63 LSI 1,088 
9.68 1,075 
9.21 1,005 
8.44 930 
8.34 965 
8.52 935 


The administration of acetazolamide tended to 
give somewhat scattered results when different 
animals were compared (Figure 2). To circum- 
vent variations arising from different responses of 
dogs to acetazolamide, six dogs were studied over 
the complete range of plasma pCO, while carbonic 
anhydrase was intact and then restudied after 
administration of acetazolamide. The data from 
single animals generated remarkably smooth 
curves (Figure 3). The curve obtained after 
carbonic anhydrase inhibition is also curvilinear, 
in contrast to the straight line obtained in the 
previous study (4) where the plasma pCO, was 
varied over a much smaller range. 

At the conclusion of the experiments, analysis of 
the kidneys revealed no demonstrable evidence of 
carbonic anhydrase activity. The absence of 
carbonic anhydrase activity in the kidneys of dogs 
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FER TSS 

bicarbonate reabsorptive capacity * 

Time 

100 ml 

7.83 14 60.8 1.66 1.84 

7.89 11 70.6 1.18 1.98 

7.93 10 80.5 1.30 1.95 

7.56 42 100 2.70 3.01 

7.31 8187.5 1.93 3.87 

in 1.56 4.22 

7.13 148 81.5 2.20 4.53 

7.73 30 2.20 

7.58 48 2.85 

754 «62 3.05 

7.45 86 3.53 

Sor 7.29 136 4.29 

720 172 4.58 | 

712 214 4.63 

50 1.20 

85 1.99 

99 2.34 

145 2.65 

165 2.75 

221 3.09 

ee 279 3.22 

be *In Tables I-IV plasma bicarbonate concentrations have been corrected for a Donnan factor of 1.05. : 
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te} 


Bicarbonate Reabsorption GFR 


| 


100 150 200 


250 300 350 


Plasma pCOz mm Hg 


Fig. 1. 


given acetazolamide cannot be cogently attributed 
to artifacts of the assay method. The extensive 
perfusion of the kidney before homogenization 
minimized contamination of intracellular enzyme 
with extracellular inhibitor. In addition, the as- 
say method tends to err in the direction of exag- 
gerating, not underestimating, enzyme activity, 
owing to dissociation of the enzyme-inhibitor com- 
plex in diluted kidney homogenates. This direct 
evidence of complete inhibition is consonant with 
the results of the recent kinetic analysis of car- 
bonic anhydrase inhibition developed by Maren, 
Tarcell and Malik (8). These investigators have 
shown that the ratio of free enzyme [E] to in- 
hibited enzyme [EI] is given by the expression: 

TE] _ Ki 

CEI) [1] 
where K, for acetazolamide is 8 X 10°M and [I] 
is the tissue concentration of free acetazolamide. 
The administration of 50 mg per kg acetazolamide 
produces a plasma concentration of approximately 
5 x 10* M; and Maren, Wadsworth, Yale and 
Alonso have shown the concentration of free in- 
hibitor in cellular water to be the same as that in 
is 1/50,000; conse- 
LEI] 
quently the per cent inhibition is 99.998. Finally, 


plasma (9). Therefore, 


RELATION BETWEEN PLASMA PCO, AND HCO, REABSORPTION IN DOGS. 


the demonstration that doses of acetazolamide 
above 20 mg per kg elicit no further response 
strongly supports (although it does not by itself 
conclusively establish) the contention that the 
physiologic effects of carbonic anhydrase are com- 


pletely blocked (9, 10). 


II, Bicarbonate excretion as HCO, Tm is 
approached 


A, Normal plasma pCO, (33 to 40 mm Hg). 
In dogs with a normal plasma pCO,, a HCO, Tm 


> 


° 


° 


° 


Reabsorption mEa/iOOmlt GFR 


50 100 150 200 #5 300 330 


Plasma pCOz2 mm Hg 


° 


Fic. 2. Errect OF ACETAZOLAMIDE ON THE RELATION BE- 
TWEEN HCO, REABSORPTION AND PLASMA PCO,, 
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g 


HCOs Reabsorption GFR 


| 
° 50 100 150 200 250 300 350 400 


Plasma pCOz mmHg 


lic. 3. COMPARISON OF THE RELATION BETWEEN HCO, REABSORPTION AND PLASMA 
eCO, WITH AND WITHOUT ACETAZOLAMIDE. 


5.0 


pCO2=85-100mm Hg 
A 


Acetazoleamide-50 mg /kg 
PCO2=45-55 mm Hg 


fe) 


l l l l 
10 20 30 40 50 60 70 80 
PLASMA BICARBONATE CONCENTRATION mEq/L 
Fic. 4. Errect oF PLASMA PCO, AND ACETAZOLAMIDE ON THE RELATION BETWEEN 
HCO, REABSORPTION AND PLASMA HCO, concENTRATION. The stippled area indicates 
HCO; excretion before the Tm was reached, and is termed a HCO, leak (see text). 


g 
E 
ke 
a. 
a 
a 


of approximately 2.6 mEq per 100 ml GF was middle curve of Figure 4 indicates that a small 
obtained when plasma HCO,” concentration was amount of HCO, escaped reabsorption before 
progressively increased (Table II, Dog 72; Fig- the Tm was reached. 

ure 4, middle curve). The stippled area on the B. Elevated plasma pCO, (85 to 100 mm Hq). 
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RENAL BICARBONATE REABSORPTION 


TABLE I 


The relationship of bicarbonate excretion to plasma bicarbonate concentration 


Plasma Urine Bicarbonate 


Time HCO;" pH pCO: Cin Flow pH Filt. Excr. Reab. 


min mEq/L mm ml pEq/ mEq, 
Tg j min 


Normal pCO:: Dog 72; wt. 28 kg 


0 Anesthesia, sodium pentothal; breathing room air; infuse isotonic saline 
60-80 18.9 7.3 34 84 4.02 6.97 1,585 31 1.85 
85 Inject 1.5 
100-110 22.8 7.4 33 75 3.35 7:27 1,712 70 2.19 
115 NaHCO, 
130-140 23.5 7.45 35 7.37 1,520 106 2.28 
145 1.5¢ infuse NafiCO;, 250 
160-170 26.3 7.4 37 78 7.62 2,060 240 2.34 
175 Inject 1.5 g NeHCO, 
190-200 27.1 7.53 33 65 3.59 7.56 1,765 197 2.41 
205 Inject 3.0 g NaHCO; 
220-230 33.5 tao 38 64 7.33 ae 2,145 585 2.46 
235 3.0 ¢ 
250-260 6.8 7.5 40 60 7.64 140 2,205 704 2.50 


Elevated pCO2: Dog 53; wt. 14.5 kg 


0 Anesthesia, continuous 1.5% Fluothane ; breathing 8% COs and 92% Oz 
30 Prime 12 g infuse 500 wEq i.v. 
60--75 40.1 Lz 85 67 2.44 7.65 2,638 350 3.49 
75-90 39.7 87 59 2.47 7.61 2,319 303 3.45 
91 Prime 12 g NaHCO; infuse 750 wEq NaHCO3;/min i.v. 
120-135 49.5 7.34 90 58 = 7.67 2,857 680 3.77 
135-150 49.2 7.35 87 56 4.25 7.68 2157 638 3.70 
151 Prime 12 g NaHCO;; infuse 1 ae i NaHCO;/min i.v. 
180-195 58.3 7.43 = re ys 7.74 3,484 1,232 3.76 
195-210 58.4 7.44 $s 6.86 7.75 3,196 1,213 3.62 
211 Prime 12 g NaHCO;; 1,250 whwEq NaHCO3;/min i.v. 
240-255 65.3 7.46 90 54 8.75 7.74 3,529 1,530 3.70 
255-270 64.9 7.46 90 56 9.62 7.76 3,635 1,643 3.56 


Elevated pCO:: Dog 70; wt. 14 kg 


0 Anesthesia, sodium pentothal and d-tubocurare; breathing 7% COz and 93% O» 
30 Infuse isotonic saline 
90-115 23.3 7.04 85 55.8 0.67 5.30 1,305 2.33 
120 Inject 3 g NaHCO; 
130-140 29.7 ie 88 60.5 2.63 6.91 1,805 3S 2.89 
145 Infuse 250 wEq NaHCO;/min 
155-165 28.5 7.15 82 63.3 3.56 6.83 1,810 56 2.78 
170 1.5¢g 
180-195 32.9 y Pe 80 59.0 3.46 7.12 1,905 107 3.08 
15g 
210-220 4.5 7.23 81 58. 3.06 Le 2,015 155 3.18 
225 Inject 1.5 g NaHCO;; increase NaliCo, infusion to 500 = 
235-245 36.6 7.25 82 59. pi 1.52 2,170 223 3.29 
250 Inject 15g 
265-275 0.8 7.2 83 58.2 4.00 7.63 2,380 285 3.60 
280 Log Sanco, 
290-300 42.2 2 86 56.4 S.U7 7.69 2,370 302 3.69 
305 Inject 6.0 g Natico, 


315-325 50.4 7.3 85 55.0 7.80 7.58 2,775 740 3.70 


During respiratory acidosis HCO, reabsorption constancy of reabsorption when the filtered load 
was increased to a maximal value of approximately of HCO, was increased from 4.2 to 8.0 mEq per 
3.8 mEq per 100 ml GF (Table II, Dog 53; 100ml GF. As previously shown by others (6), 
Figure 4, upper curve). That this value in fact HCO, excretion began before the HCO, Tm was 
represents a true HCO, Tm is evidenced by the reached (Table II, Dog 70; Figure 4). The pat- 
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tern of the HCO, leak, although greater in 
amount, was similar to that seen at normal CO, 
tensions. 

C. Normal plasma pCO, plus acetazolamide. 
Inhibition of carbonic anhydrase by the administra- 
tion of acetazolamide (50 mg per kg body weight) 
in amounts sufficient to produce maximal physio- 
logic effects depressed the HCO, Tm to 1.9 mEq 
per 100 ml GF (Table III, Dog 63; Figure 4, 
lower curve). Large quantities of HCO, were 
excreted before the Tm was reached. The magni- 
tude of the HCO, leak is significantly greater than 
that seen at either normal or elevated CO, ten- 
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sions. These results are similar to those obtained 
by Schwartz, Falbriard, and Relman (10) in that 
the relation between plasma HCO,° concentration 
and HCO,> reabsorption is curvilinear, but differ 
in that a distinct HCO, Tm was obtained. 

D. Elevated plasma pCO, plus acetazolamide. 
It has already been demonstrated (4) that HCO,” 
reabsorption increases linearly as pCO, is raised. 
If, therefore, carbonic anhydrase inhibition lowers 
the Tm and augments the HCO,° leak. because of 
inadequate H* production, it should be possible to 
the deficient production by raising 
Increasing pCO, from nor- 


overcome 
plasma CO, tension. 


TABLE Ill 


The effect of acetazolamide on bicarbonate reabsorption at various 
concentrations of plasma bicarbonate 


Plasma 


HCO:- pH 


Time pCO:z 


Urine 


pH 


_Bic "arbonate 


min mEq/L 


Normal pCO:2; Dog 63; wt. 10 kg 


Anesthesia, sodium pentothal; breathing room air; injection, 250 mg acetazolamide ; continuous infusion 
0.15 M NaCl at 5 ml/min + acetazolamide 1.0 mg/min 


22.9 7.31 

28.0 

Inject 3 g NaHCO, 

34.1 7.48 45 

3g 
9.4 


29.7 
46 31.6 


3g 250 + 1.0 mg/min acetazolamide 
7.3 7.60 845 


0.91 7.94 548 214 1.40 


1.70 
1.74 
1.91 


323 
7.57 496 


7.65 


7.0 1,012 


8.9 1,245 639 


3 g NaHCO;; increase NaHCO; infusion to 500 wEq/min; continue acetazolamide at 
5 


42.9 7.58 44 26.1 


Inject 6 g NaHCO; 
54.0 7.61 52 22.5 


Inject 6 g NaHCO; 
64.5 7.65 56 


Elevated pCO.: Dog 77; wt. 20 kg 


23.5 


61 
1.85 
1.88 


7.78 800 


7.78 


1,215 
1,515 


6.6 


8.1 1,069 


Anesthesia, sodium pentothal and Flaxedil; breathing 9% CO: and 91% Oz 


inject 1 g acetazolamide; infuse isotonic saline and acetazolamide at 1 mg/min 


52.4 
$7.7 


23.6 6.93 

Inject 3 g NaHCO; 

27.7 6.98 

3.6 g 
31.7 7.0. 


115 
118 


208 
373 


1.08 7.58 1,237 
7.48 1,472 
7.47 


2.39 


3.37 1,832 465 


Inject 3.6 g NeHCO;; 250 — and acetazolamide 1 mg/min 
35.0 25 7.49 2 500 


7.05 
Inject 5.4 g NaHCO; 
41.5 7.12 125 
Inject 5.4 g NaHCO; 
46.2 7.15 
Inject 5.4 g NaHCO; 
48.3 7.18 
7.2 
5.3 


ies 7.2 g NaHCO; 
59.0 27 

2 Inject 9.0 g NaHCO; 
295-305 67.5 7.32 


50.2 
130 
117 


2,083 826 
2,498 
2,838 


3,186 


1,026 
1,220 
1,571 
3,130 
2,960 


1,680 
1,744 


ee 
: 
Cin Flow = Filt. Exer. Reab. 
mm mal mi/ uEq/ uEq/ mEq/ 
ere Hg min min min min 100 ml 
An 0 
46 
55-70 
71 
80-95 
96 
105-120 ‘ 
121 
130-145 
146 
155-170 = 
171 
| 
0 
30 
95-105 2.07 
110 
120-130 2.37 
135 
160 
toes 170-180 5.37 7.51 2.50 
185 
ieee 195-205 6.38 7.52 2.72 . 
210 
220-230 7.09 7.51 2.75 
235 
rad 57.7 8.50 7.52 2.80 
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Fic. 5. FAILURE OF RESPIRATORY ACIDOSIS TO ELIMINATE THE HCO, LEAK INDUCED 


mal values to 110 to 130 mm Hg increased the 
HCO, Tm from 1.9 to approximately 2.8 mEq 
per 100 ml GF but did not diminish the magnitude 
of the HCO,, leak (Table ITI, Dog 77; Figure 5, 
upper curve). It would appear, therefore, that in 
the absence of carbonic anhydrase, raising the 
plasma pCO, can restore HCO.” Tm to a normal 
value, but cannot diminish the HCO, leak. 


III. Effect of raising plasma pCO, on an aceta- 
solamide-induced HCO, diuresis during meta- 
bolic acidosis 


The demonstration in the first group of ex- 
periments that the reabsorption of HCO, de- 
spite carbonic anhydrase inhibition, could be 
increased by raising pCO, formed the basis for 
the third group of experiments. In these studies 
a mild metabolic acidosis was induced, carbonic 
anhydrase was inhibited with acetazolamide and a 
HCO,’ diuresis ensued. Attempts were then made 
to obliterate the HCO, diuresis by increasing 
plasma pCO,. A representative protocol is pre- 
sented in Table IV. 

During the control period when plasma pCO, 
was normal, HCO, reabsorption was _ virtually 


complete. Raising plasma pCO, from 36 to 113 


BY ACETAZOLAMIDE, 


mm Hg increased both filtered and reabsorbed 


HCO, without altering excretion. Simultaneous 
blood and urine pH’s both fell, with a propor- 
tionately greater drop in urine pH. Respiratory 
acidosis, however, failed to elicit the maximal uri- 
nary acidity that has been observed in the dog dur- 
ing severe metabolic acidosis (11). 

Following the administration of acetazolamide, 
HCO,> excretion rose to 249 pEq per minute. 
Raising plasma CO, tension from 36 to 184 mm 
Hg in stepwise fashion increased HCO, reab- 
sorption, but had only a modest effect on HCO,” 
excretion. The fall in HCO, excretion to 76 
»Eq per minute in the last period was in part the 
result of a fall in glomerular filtration rate (GFR) 
from 61 to 42 ml per minute. Blood and urine pH 
were both reduced as pCO, was increased, but in 
the face of carbonic anhydrase inhibition, urine pH 
never fell below that of blood. 


DISCUSSION 


The reabsorption of NaHCO, is regarded as the 
consequence of the secretion of cellular H* in ex- 
change for tubular Na* (11, 12). Two of the 
principal determinants of H* secretion thus far 
identified are the CO, tension of plasma (1-3) 
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TABLE IV 


The effect of elevated pCO2 on acetazolamide-induced bicarbonate 
diuresis during mild metabolic acidosis 


Plasma Bicarbonate 


HCO;- pH 


Excr. 


mEq/L mm pEq/ 


Treatment 


Dog 28; wt. 13.7 kg 
0 Anesthesia, sodium pentothal; infuse 5% dextrose in distilled H2O at 5 ml/min 


60-70 16.6 7.26 36 67.9 5.42 6.56 1,125 10 
85-95 20.5 7.09 67 72.8 5.85 6.48 1,490 16 
110-120 25.3 6.95 113 60.7 2.98 6.14 1,535 5 


Breathing room air 
Breathing 9% CO, 
Breathing 23% CO, 


2.02 
2.53 


121 Acetazolamide 350 mg i.v.; infuse 5% dextrose in distilled H.O at 5 ml/min + acetazolamide 1 mg/min 


140-150 17.7 7.29 36 61.2 7.23 7.38 1,085 249 
165-175 23.5 7.00 G3 57.8 4.22 7.10 1,360 143 
190-200 25.3 6.93 119 54.9 3.54 7.15 1,460 177 
215-225 27.3 6.84 153 56.8 3.65 6.93 1,550 146 
240-250 27.8 6.78 185 42.3 2.43 6.79 1,175 74 


Breathing room air 
Breathing 16% CO. 
Breathing 23% CO, 
Breathing 29% CO, 
Breathing 38% CO. 


and the activity of the carbonic anhydrase enzyme 
system (11). Plasma pCO, is thought to influ- 
ence HCO, reabsorption by altering the produc- 
tion of H* ions, predominantly via the catalyzed 
hydration of CO,. In the present studies, how- 
ever, inhibition of carbonic anhydrase did not pre- 
vent the augmentation of HCO, reabsorption 
when plasma pCO, was increased. In fact, the 
regulatory effect of pCO, on the capacity to reab- 
sorb HCO, appeared to be entirely independent of 
carbonic anhydrase activity. 

A comparison of the relationship between maxi- 
mal HCO, reabsorptive capacity and plasma CO, 
tension in the presence and absence of carbonic 
anhydrase activity (Figure 6) clearly discloses 
that the difference between the upper (carbonic 
anhydrase intact) and lower (carbonic anhydrase 
inhibited) curves is constant at all CO, tensions 
studied. This means that the contribution of the 
carbonic anhydrase enzyme system to HCO,° re- 
absorption is independent of plasma pCO, and 
amounts to 1.4 mEq per 100 ml GF, as is shown 
in the inset of Figure 6. It also follows from an 
analysis of this figure that since an increase in 
pCO, accelerates HCO, reabsorption to the same 
extent in the presence or absence of carbonic an- 
hydrase activity, its action is mediated entirely by 
the uncatalyzed hydration of CO.. 

To determine whether the uncatalyzed hydra- 
tion of CO, could, in fact, account for all HCO,” 
reabsorption observed in the absence of carbonic 
anhydrase activity, calculations similar to those of 


Davies (13) were used. The calculated rates of 
H,CO, production at a pCO, of 40 mm Hg [as- 
suming an intracellular pH of 7.0 to 7.2, an intra- 
cellular HCO, concentration of 2.6 to 5.0 mEq per 
L, and a rate constant, Keo., for the reaction 
CO, + H.O = H.CO,, of 0.11 second at 38° C 
(14)] varied from 0.06 to 0.13 pmoles per second 
per ml intracellular water. The observed rates of 
HCO, reabsorption at CO, tensions of 40 mm 
Hg and plasma HCO, concentrations of approxi- 
mately 50 mEq per L were 0.33 »Eq per second 
per ml of estimated intracellular water.t Thtus the 
observed rates of HCO,” reabsorption were three 
to five times greater than the calculated rates of 
H,CO, production. 

The discrepancy between the calculated rate of 
H,CO, production and the observed rate of HCO,” 
reabsorption suggests that somé source other than 
the hydration of CO, was contributing H* to the 
transport process. In Figure 2, extrapolation of 
the curve to zero CO, tension intercepts the ordi- 
nate at approximately the origin. While such 
an extrapolation is admittedly a crude estimate 
of HCO, reabsorption at zero CO, tension (i.e., 
the intercept could be either slightly above or 
slightly below the origin), it does indicate that 


1 [Intracellular water was estimated by removing the 
kidneys from four dogs previously given acetazolamide. 
The kidneys were then weighed and dried to determine 


total kidney water. Intracellular water was assumed to 
be 50 per cent of the total kidney water because of the 
relatively higher extracellular fluid volume of the kidney. 
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Fic. 6. COMPARISON OF THE RELATION BETWEEN HCQ, REABSORPTION AND 
PLASMA PCQ, WITH AND WITHOUT ACETAZOLAMIDE. The upper curve (car- 
bonic anhydrase intact) was taken from Figure 1, while the ‘ower curve 
(carbonic anhydrase inhibited) was taken from Figure 2. Complete in- 
hibition of carbonic anhydrase reduces the HCO; Tm by a constant amount 
at all CO, tensions so that the lower curve parallels the upper curve. The 
intercept point, while not precisely defined for the upper curve, approximates 
the origin for the lower curve... The contribution of the carbonic anhydrase 
enzyme system at all levels of plasma pCO, is plotted in the inset as the dif- 
ference between the upper and lower curves. 


most, if not all, HCO, reabsorption is in some 
way dependent upon CO, when carbonic anhy- 
drase is maximally inhibited. Therefore, if other 
metabolic processes contribute H* to HCO, reab- 
sorption, their contribution is relatively minor and 
certainly not nearly of sufficient magnitude to ac- 
count for the three- to fivefold calculated deficit 
in H* production. 

Actually it is not necessary to postulate a special 
source of H* to compensate for the deficit in 
H,CO, production from CO,. The reabsorption 
of HCO, secondary to H’ secretion involves the 
formation of H,CO, in the tubular lumen, some of 
which will return to the cell, contributing directly 
to the supply of intracellular H,CO,. Figure 7 
depicts the two mechanisms whereby H_° secretion, 
in the process of mediating HCO, reabsorption, 
leads to the return of non-ionized HCO, to the tu- 
bular cell. First, as in the case of other undis- 
sociated acids, H,CO, will back-diffuse into the 


cell by a process of non-ionic diffusion through 
the lipoid luminal membrane. Second, the reab- 
sorption of large amounts of filtrate will sweep 
H,CO, back into the cell through aqueous-filled 
pores as a result of solvent drag. This recycling 
of H,CO, back into the cell completes the process 
of HCO, reabsorption initiated by the secretion 
of H* and at the same time markedly reduces the 
need for high rates of H,CO, formation from the 
uncatalyzed hydration of CO,.? 


2In a cyclic process such as this the rate at which 
H,CO, must be produced from CO.,, in order to accomplish 
the observed rates of HCO, reabsorption, needs only 
be as great as the rate at which H.CO, is lost from the 
cycle by decomposition in the tubular lumen. If, there- 
fore, only 75 per cent of the luminal H,CO, returned to 
the cell by diffusion and solvent drag and the remaining 
25 per cent decomposed to CO, and H,O, then only 25 
per cent of the H* mediating HCO, reabsorption need be 
produced from CO,. Recycling of this magnitude could 
readily account for the calculated three- to fivefold deficit 
in H* production from CO.. 
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Fic. 7. RoLe oF BACK-DIFFUSION oF H.CO, IN THE 
SUPPLY OF INTRACELLULAR H*. By recycling into the cell, 
H.CO, can furnish H* to the exchange process, and to 
that extent reduce the requirements for CO, hydration. 
The pCO, will nevertheless determine the steady state 
concentration of H.CO, at which the system operates. 


The capacity to reabsorb HCO, in the absence 
of carbonic anhydrase activity increases as pCO, 
is elevated, but not in linear fashion (Figure 6, 
lower curve). The curvilinear character of this 
relationship could be due to a nonlinear relation- 


ship between: 7) pCO, and production; 2) 
production and intracellular H* concentration (re- 
sulting from more effective intracellular buffering 
at higher CO, tensions); or 3) intracellular H* 
concentration and H* transport (progressive satu- 


ration of H’ transport). The first two possibili- 
ties seem unlikely, since the production of H* via 
the uncatalyzed hydration of CO, is linearly re- 
lated to pCO, in vitro (5), and since the titration 
of a thick homogenate of kidney with CO, showed 
that H’* concentration of the homogenate was 
linearly related to pCO, (7). The curvilinear 
shape of the lower curve, therefore, probably re- 
flects the kinetic characteristics of the H* transport 
mechanism as it becomes saturated with H’. 
Plotting the reciprocal of HCO, reabsorption 
against the reciprocal of plasma pCO, (Line- 
weaver-Burke plot) generates a straight line when 
carbonic anhydrase is inhibited (Figure 8). While 
the straight-line relationship does not permit iden- 
tification of the specific process involved, it does 
suggest that the characteristics of this reabsorp- 
tive process are determined by a single rate-limit- 
ing step. A similar plot of data obtained from ani- 
mals with normal carbonic anhydrase activity did 


not give a linear relationship (Figure 8). It 
would appear that HCO, reabsorption in the 
presence of an intact carbonic anhydrase enzyme 
system is qualitatively as well as quantitatively dif- 
ferent from HCO, reabsorption in the absence of 
carbonic anhydrase. 

In contrast to the uncatalyzed reaction, the re- 
absorption of that fraction of HCO, mediated by 
carbonic anhydrase is strikingly independent of 
variations in pCO, (Figure 6). One possible ex- 
planation for this apparent insensitivity to changes 
in pCO, is that carbonic anhydrase becomes com- 
pletely saturated with CO, at very low tensions 
(< 10 mm Hg) and thereafter contributes a con- 
stant quantity of H* to the reabsorptive process. 
This, however, would imply a Km for renal car- 
bonic anhydrase of approximately 1 x 10% M, a 
value at great variance with the Km at 38° C of 
760 x 10* M for purified red cell enzyme (15). 
From this latter Km it can be estimated that at 
plasma CO, tensions as high as 2,500 mm Hg 
carbonic anhydrase would be only half-saturated. 
To attribute the constant contribution of the car- 
bonic anhydrase enzyme system to HCO,” reab- 
sorption to early saturation of the enzyme would 
therefore appear to be untenable. 

Actually, there is reason to believe that carbonic 
anhydrase is not simply contributing a constant 
quantity of H* in excess of that supplied by the 
uncatalyzed hydration of CO,. Because the curve 
relating HCO, reabsorption to pCO, in the ab- 
sence of carbonic anhydrase flattens at high 
plasma CQO, tensions, it was concluded that the 
H’* transport mechanism was becoming saturated 
by an excess of H* ions. Increasing or decreasing 
the supply of H* in the range of H* excess should 
have little or no effect on HCO,” reabsorption. 
If carbonic anhydrase were simply contributing a 
fixed quantity of H* to the transport mechanism 
the two curves (Figure 6) should converge at 
higher CO, tensions, rather than remain parallel. 
The contribution of carbonic anhydrase, therefore. 
does not appear to be a simple addition of a con- 
stant quantity of H’ to the same transport mecha- 
nism supplied by the uncatalyzed hydration of 
CO,. 

From this analysis of the effect of pCO, on the ° 
maximal HCO, reabsorptive capacity, the HCO, 
Tm can be characterized as the sum of two inde- 
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Fic. 8. DoUBLE RECIPROCAL PLOT OF THE RELATION BE- 
TWEEN HCO, REABSORPTION AND PLASMA PCO, WITH AND 
WITHOUT ACETAZOLAMIDE. The solid line is the mean 
curve obtained by a double reciprocal of data from con- 
trol animals (taken from Figure 1) and the broken line 
is the mean curve obtained by a similar plot of data from 
animals given acetazolamide (taken from Figure 2). 


pendent reactions. One reaction is catalyzed by 
carbonic anhydrase, the other is uncatalyzed. As 
pCO, is increased the Tm increases, but solely as 
the result of an increase in the capacity of the 
uncatalyzed reaction, the capacity of the catalyzed 
reaction remaining constant. The regulation of 
HCO, reabsorption in respiratory acidosis and 
alkalosis, therefore, is entirely independent of the 
carbonic anhydrase enzyme system. 

Two mechanisms with such diverse reabsorptive 
properties suggest the existence of two different 
transport systems, one pCO,-insensitive, the other 
pCO,-sensitive. The fact that acetazolamide de- 
presses the HCO, Tm by a constant amount at all 
CO, tensions indicates that one transport system 
(pCO,-insensitive) has a fixed capacity which is 
critically dependent upon the activity of carbonic 
anhydrase. Since changes in plasma pCO, have 
no effect on the capacity of this system, the H’* 
transport mechanism must be saturated with H* 
and consequently insensitive to the changes in in- 
tracellular pH produced by variations in CO, ten- 
sion. The dependence on carbonic anhydrase ac- 
tivity could result from the requirement of the 
transport system for a very rapid rate of H* supply 
(such as might occur if the ratio of transport ca- 
pacity to cell volume were very high). A second 
transport system located elsewhere in the nephron 
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is sensitive to changes in plasma pCO,, suggesting 
that, in contrast to the pCO,-insensitive mecha- 
nisms, it is unsaturated with respect to H* and 
therefore responsive to changes in intracellular 
pH. This system, which functions well in the 
absence of carbonic anhydrase, can be adequately 
supplied with H* by the uncatalyzed hydration of 
CO* supplemented by the recycling of H,CO,. In- 
hibition of carbonic anhydrase, therefore, has little 
effect on the reabsorptive capacity of this pCO,- 
sensitive system.* 

To characterize the two distinct mechanisms 
involved in HCO, reabsorption from the van- 
tage point of parameters other than maximal reab- 
sorptive capacity, the relationship of HCO, ex- 
cretion to HCO, reabsorption was studied when 
plasma HCO, was maintained at high levels and 
carbonic anhydrase uninhibited (Figure 4, upper 
curve); HCO, excretion began before the Tm 
was reached (magnitude of HCO,° leak indicated 
by stippled area). Schwartz, Falbriard and 
Lemieux (6), in similar experiments, found that 
in respiratory acidosis as plasma HCO, concen- 
tration was increased from 26 to 55 mEq per L 
there was a curvilinear rise in HCO, reabsorption 
without a definite Tm being attained. A double 
reciprocal plot (Lineweaver-Burke) of their data 
generated a straight line, which was interpreted 
as evidence that the high CO, tension had in some 
fashion altered the H* transport mechanism so that 
carbonic anhydrase had become the rate-limiting 
step in HCO, reabsorption. In contrast, when 
the plasma HCO, concentrations were increased 
over a far greater range in the present investiga- 
tions, a Tm was clearly obtained in respiratory 
acidosis, with HCO, reabsorption remaining con- 
stant as plasma HCO, was increased from 42 to 
80 mEq per L. The fact that a Tm was reached 
means that a double reciprocal plot would not 
generate a straight line. Consequently, this type 
of curvilinear relationship cannot be used as evi- 
dence that renal carbonic anhydrase is rate-limit- 
ing and, therefore, responsible for the shape of the 
curve. 


3 This does not imply that the cells involved in this 
transport process contain no carbonic anhydrase. Evi- 
dence will be presented later indicating that carbonic an- 
hydrase may be present on the luminal border of the renal 
tubular cells. Its action, however, would not influence the 
HCO, Tm. 
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TABLE V 


Ability of HCO;~ reabsorptive mechanism to effect complete 
HCO; reabsorption (100% of filtered HCO;~) as the 
maximal reabsorptive catacity (Tm) is approached 


HCOi- read. Filtered reabsorbed 


HCO;- Tm 
100 


Normal 
pCOs 


Acetazol- 
amide 


Elevated 
pCO: 


When carbonic anhydrase was uninhibited and 
the pCO, maintained at normal values (Figure 4, 
middle curve), a distinct HCO, leak was also 
demonstrated, HCO, excretion commencing when 
plasma HCO, concentration approached 18 mEq 
per L. This HCO, leak does not appear to dif- 
fer in any way from that observed during respira- 
It would appear that a HCO,> leak 
in each instance supervenes because the reabsorp- 


tory acidosis. 


tive mechanism, when functioning at near-capacity 
levels, cannot effect complete HCO, reabsorption, 
but can reabsorb some fixed percentage of the 
filtered HCO, (possibly because of sensitivity to 
luminal pH when transporting H* at near-capacity 
rates). Thus, bicarbonate excretion begins in 
both the normal state and respiratory acidosis when 
the transport system is functioning at approxi- 
mately 75 per cent of capacity (Table V). As 
reabsorption approaches 100 per cent of capacity 
the percentage of filtered HCO, that is reabsorbed 
falls to approximately 83. The relationship be- 
tween the percentage of capacity utilized and per- 
centage of filtered HCO, reabsorbed is identical 
in the normal state and respiratory acidosis. Al- 
though the magnitude of the HCO, leak, in ab- 
solute quantities, is higher in respiratory acidosis, 
this is the consequence of the greater filtered 
HCO, loads rather than a direct effect of pCO, 
on the characteristics of the transport mechanism. 

The nature of the HCO, leak following the ad- 
ministration of acetazolamide, however, appears 
to be quite different, qualitatively as well as quan- 
titatively, from that observed in the normal state 
and in respiratory acidosis. It cannot be attributed 
to a simple exaggeration of the normal character- 
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istics of H’ secretion. It is evident from Figure 
4 and Table V that inhibition of carbonic anhy- 
drase impairs the ability of the reabsorptive proc- 
ess to produce HCO,,-free urines at all levels of 
HCO, reabsorption. This large HCO, leak does 
not appear to be due to decreased H* production 
alone, since raising plasma CO, tension to 110 to 
130 mm Hg restored the HCO, Tm to a normal 
value of 2.7 mEq per 100 ml GF but did not re- 
duce the magnitude of the leak (Figure 5, upper 
curve). Recently Schwartz, Lemieux and Fal- 
briard (16) have shown that decreasing H* pro- 
duction by means of respiratory alkalosis without 
inhibiting carbonic anhydrase lowers the HCO, 
Tm but does not produce a comparable HCO, 
leak. It seems unlikely, therefore, that diminished 
production could account for the HCO,> leak. 

To test more rigorously whether acetazolamide 
might augment the HCO, leak by eliminating H* 
production via carbonic anhydrase, the capacity of 
the uncatalyzed reaction was increased by elevat- 
ing plasma pCO, under circumstances where fil- 
tered HCO, was comparatively low. The data 
from Table IV are schematically presented in Fig- 
ure 9, The value of the maximal capacity of the 
the uncatalyzed reaction (black bar) at each pCO, 
was obtained from the lower curve in Figure 6 
and serves as a basis for comparison with the ob- 
served HCO, reabsorption (clear bar). Despite 
the fact that, as pCO, was raised, the capacity of 
the uncatalyzed reaction always exceeded the fil- 
tered HCO, (cross-hatched bar) by a consider- 
able amount, HCO,” reabsorption remained in- 
complete and HCO, excretion continued. The 
enhanced HCO, leak following the administra- 
tion of acetazolamide, therefore, cannot be the 
consequence of deficient H* production. 

The most likely explanation for the singular im- 
portance of carbonic anhydrase in maintaining the 
ability of the H* transport system to render the 
urine HCO, -free hinges about its possible luminal 
action (17). If, in addition to its distribution in 
the cytoplasm of renal tubular cells, the enzyme 
were also present on the luminal border of the cells, 
H,CO, could not accumulate in luminal fluid. As 
a consequence, tubular pH would not fall to limit- 
ing values until NaHCO, reabsorption was virtu- 
ally complete. However, when carbonic anhydrase 
was inhibited, H,CO, would accumulate in the tu- 
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Fic. 9. FAILURE OF INCREASING PLASMA PCO, TO OBLITERATE BICARBONATE 
EXCRETION IN THE ABSENCE OF CARBONIC ANHYDRASE. See text for ex- 


planation. 


bular lumen, lowering luminal pH to a limiting 
value despite the presence of significant amounts 
of NaHCO,.4 As a result of the low tubular pH, 
net H* secretion would stop, thereby preventing 
the complete removal of HCO,° from the urine. 
The repression of net H* secretion resulting 
from inhibition of the luminal action of carbonic 
anhydrase could be eventually overcome, however, 
by raising the concentration of HCO,> in glomeru- 
lar filtrate. As HCO,” concentration is increased, 
HCO, is 
repressed, permitting further H* secretion, un- 
til finally the maximal reabsorptive capacity is re- 
alized.’ Inhibition of the luminal action of car- 
bonic anhydrase, therefore, would always augment 
a HCO,; leak but would not alter the HCO,” Tm. 


4 Under such circumstances, therefore, although bladder 
urine would be alkaline, the tubular fluid would be acid 
because of the accumulation of H.CO,. The high pCO, of 
such bladder urine indicates that in the tubular lumen, 
H.CO, must have been present in significant amounts. 

5In this manner filtered HCO; would, in a sense, be 
competing with cellular processes for available H* and, 
as previously suggested (4), result in a curvilinear re- 
lationship between HCO, reabsorption and plasma HCO; 
concentration. 


the ionization of the accumulated 


The inability to produce HCO,--free urines in 
the absence of carbonic anhydrase suggests that 
the pCO,-sensitive system, whose capacity is in- 
dependent of an intracellular action of carbonic 
anhydrase, is sensitive to luminal pH and, there- 
fore, dependent upon the luminal action of carbonic 
anhydrase. Since high urinary CO, tensions have 
been observed duing HCO,° diuresis produced by 
the administration of NaHCO, in the presence of 
an intact carbonic anhydrase enzyme system (11), 
it is unlikely that carbonic anhydrase exerts a lu- 
minal action in the distal tubule. It seems prob- 
able, therefore, that the pCO.,-sensitive system, 
which is dependent upon the luminal action of 
carbonic anhydrase, is located in the more proxi- 
mal portions of the nephron. 

To explain the results of the present studies it 
is proposed that HCO,” reabsorption is mediated 
by two distinct H* secretory systems, one located 
in the proximal tubule, the other in the distal 
tubule. The proximal tubular mechanism appears 
to be sensitive to changes in intracellular as well 
as luminal pH. Alterations in plasma CO, ten- 
sion, by changing the concentration of H,CO, in 
the cell, elicit prompt changes in H”* secretion. 
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The sensitivity to luminal pH prevents transport 
of H’ against sharp pH gradients. Carbonic an- 
hydrase, by catalyzing the dehydration of H,CO, 
as it is formed at the luminal surface of the cell, 
minimizes acidification of the urine, thereby fa- 
cilitating continued H’ transport ; the enzyme may 
also be located within the cell, thereby augmenting 
H,CO, production. Inhibition of carbonic anhy- 
drase would diminish the rate of formation of 
H.CO, from the hydration of CO, as a result of 
its intracellular action, and at the same time cause 
the accumulation of H,CO, in the tubular fluid 
because of its luminal action. The latter effect, 
by enhancing the return of H,CO, to the cell by 
a process of back-diffusion and solvent drag, could 
maintain H’ transport despite reduced H* produc- 
tion. The HCO, Tm of the proximal tubular 
transport system, therefore, would be unaffected 
by inhibition of carbonic anhydrase. 

The distal tubular transport system, by contrast, 
is relatively insensitive to both intracellular and 
luminal pH. Consequently, the secretion of H’* is 
neither influenced by alterations in plasma CO, 
tension nor dependent upon a luminal action of 
carbonic anhydrase. The capacity of this transport 
system is geared to a very rapid supply of H* and 
is, therefore, critically dependent upon the intra- 
cellular action of carbonic anhydrase. 

Inhibition of carbonic anhydrase produces two 
distinct effects: 7) a reduction in HCO,” Tm re- 
sulting primarily from diminution of distal tubu- 
lar H’ secretion, and 2) an exaggerated HCO,” 
leak resulting from a combination of decreased 
distal tubular secretion and accumula- 
tion in the proximal tubular fluid (preventing 
thereby complete HCO, reabsorption). Altera- 
tions in pCO.,. on the other hand, affect HCO,” 
reabsorption solely by changing the rate of H* se- 
cretion by the proximal tubular system. 


SUMMARY 


Renal HCO, reabsorption was examined by 
three types of experiments. In the first group 
the effect of plasma pCO, on maximal HCO,” 
reabsorptive capacity (HCO, Tm) was assessed 
in 15 dogs before and after inhibition of carbonic 
anhydrase. Bicarbonate reabsorption increased 
curvilinearly as plasma pCO, was elevated. In- 
hibition of carbonic anhydrase depressed the 
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HCO, Tm by a constant amount at all CO, ten- 
sions. From these studies it appeared that the 
contribution of carbonic anhydrase to the HCO,” 
Tm was completely independent of pCO,, and that 
the regulatory effects of pCO, were mediated en- 
tirely through the uncatalyzed hydration of COQ,. 
In the absence of carbonic anhydrase activity all 
HCO, reabsorption was dependent upon CO,. 

In the second group of experiments the effects 
of variations in plasma pCO, and inhibition of 
carbonic anhydrase on the excretion of HCO, as 
the HCO, Tm was approached were studied in 
15 dogs. When plasma pCO, was maintained 
constant at a normal level, HCO, excretion be- 
gan before the Tm was reached. A similar leak 
was noted in respiratory acidosis. Carbonic an- 
hydrase inhibition, however, caused a HCO,” 
leak which was of greater magnitude and which 
occurred even at very low concentrations of plasma 
HCO,,. Increasing H* production by elevating 
plasma pCO, to 110 to 130 mm Hg failed to ob- 
literate the HCO,” leak. 

In the third group (four dogs) elevating plasma 
pCO, as high as 200 mm Hg when carbonic an- 
hydrase was inhibited did not significantly diminish 
HCO,” excretion despite marked reductions in 
the filtered HCO,” load as a result of metabolic 
acidosis. 

It was concluded that HCO,” reabsorption was 
accomplished by two distinct processes. One 
process, presumably located in the proximal tu- 
bule, has a HCO, Tm which is dependent upon 
plasma CO, tension and independent of carbonic 
anhydrase, and a transport system sensitive to 
the pH of tubular fluid. Carbonic anhydrase, by 
catalyzing the dehydration of carbonic acid at the 
luminal surface, prevents drastic lowering of the 
pH, thereby facilitating HCO, reabsorption. A 
second process, apparently located in the distal 
tubule, has a fixed HCO, Tm which is dependent 
upon carbonic anhydrase, independent of changes 
in plasma pCO, and can operate efficiently despite 
sharp pH gradients. 
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In this study the relationship of cardiac output 
to oxygen supply on the one hand and to blood 
volume on the other is examined in patients with 
polycythemia vera. 

Oxygen supply is a function of the cardiac out- 
put and the oxygen content of arterial blood. 
There is good evidence that cardiac output may 
be altered by changes in either tissue oxygen re- 
quirements or oxygen content. Thus, with in- 


creased physical activity or hyperthyroidism, car- 


diac output is elevated. Likewise, in severe ane- 
mia or with the hypoxia of high altitude, cardiac 
output rises. The relationship between cardiac 
output and arterial oxygen content was well il- 
lustrated by Richardson and Guyton in dogs whose 
hematocrits were rapidly altered by blood ex- 
change without blood volume change (1). Car- 
diac output fell with polycythemia and rose with 
anemia; maximal oxygen delivery occurred at a 
normal hematocrit. From the above considera- 
tions it would seem reasonable to postulate that 
cardiac output is regulated in some manner by tis- 
sue oxygen requirements and blood oxygen con- 
centration. 

The influence of blood volume as a cardiac regu- 
latory mechanism has been demonstrated in dogs 
as well as in man (2-6). Such observations fol- 
lowing the acute manipulation of blood volume 
have shown an augmentation of cardiac output 
and stroke volume in hypervolemia. The effects 
of chronic hypervolemia in cardiovascular regu- 
lation have not been reported. 

Polycythemia vera presents an interesting situ- 
ation in which the above factors may be examined. 
There is a long-standing surplus of hemoglobin 
and blood oxygen without a proportionate in- 
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and State of Washington Initiative 171 Funds for Re- 
search in Biology and Medicine. 


crease in tissue oxygen requirements; further- 
more, blood volume is increased in polycythemia 
vera, The increased arterial oxygen content and 
blood viscosity might be expected to decrease 
cardiac output, whereas chronic hypervolemia 
might have the opposite effect. Our studies were 
designed to evaluate these possibilities. 


MATERIAL AND METHODS 


Three types of subjects were selected for study. Group 
la consisted of 6 subjects with incidental illness not con- 
sidered to affect erythropoiesis or cardiac function. 
These individuals were ambulatory and asymptomatic : 
they had hematocrits between 40 and 50 per cent and 
There was no recognizable cardiac 
Electrocardiograms were all nor- 
Group 


normal blood volumes. 
or pulmonary disease. 
mal, and heart size by X-ray was not enlarged. 
Ib consisted of 4 subjects with hematocrits of 50 to 55 
per cent and with normal or only slightly enlarged blood 
volumes. These subjects also had no evidence of cardiac 
or pulmonary disease. X-rays showed normal sized 
hearts and, except for isolated left axis deviation in D.G., 
electrocardiograms were normal. 

Group II consisted of 10 patients with polycythemia 
vera, 5 of whom had symptoms of approximately 1 
month’s duration. The other 5 had been previously 
treated, but were all polycythemic and hypervolemic at 
the time of initial studies. The spleen was palpable in 
all subjects except S.Ta., S.Tu. and B.P. Electrocardio- 
grams were normal, except for left ventricular hypertrophy 
in Patient S.Ta. and right bundle branch block in B.P. 
Patient A.L. had a previous history of paroxysmal auricu- 
lar fibrillation. Cardiac enlargement of 25, 20 and 25 
per cent was present in Patients S.Ta., G.S. and A.L., 
but was normal in the other subjects (+10 per cent). 
Pertinent clinical data on the 20 subjects studied are 
summarized in Tables I and II. 

Single studies were performed in Groups Ia and Ib. In 
7 patients with polycythemia vera, studies were repeated 
after phlebotomy. The patients were in the supine posi- 
tion when the hemodynamic measurements were made 
1 to 3 hours after a light nonfat breakfast. No premedi- 
cation was given. Intravascular pressures were re- 
corded on a Sanborn polygraph using Statham P23D 
strain gage transducers. Heart rate was measured from 
the electrocardiogram obtained during the determination 
of cardiac output. Cardiac output was measured by the 
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TABLE I 


Clinical and laboratory summary of normovolemic subjects 


Patient 


Ila Normal hematocrit 


direct Fick principle in one patient (S.Tu.) and with in- 
dicator dilution curves in the others. Mixed venous 
blood was sampled from the pulmonary artery and ar- 
terial blood from the brachial artery. Oxygen consump- 
tion was measured with a 9 L Collins respirometer while 
the subjects were breathing 100 per cent oxygen. Oxy- 
gen content of blood was determined by the Van Slyke- 
Neill method. 

Indicator dilution curves were obtained while the sub- 
jects were breathing 100 per cent oxygen from the Col- 
lins respirometer. Thirteen to 19 mg of Evans blue dye 
was rapidly injected from a calibrated syringe into the 
main pulmonary artery in 3 patients (D.G., G.S. and A.L.) 
and into an antecubital vein, with prompt elevation of 
the subject’s arm, in the remaining 17. Using a rotating 
multiple-sampling device which was adjusted to collect 
samples at 2-second intervals, brachial arterial blood was 
collected through a no. 17-T Cournand needle and a short 
polyethylene tube, in tubes containing a few particles of 
powdered heparin. The arterial blood was centrifuged, 
and the optical density of the undiluted plasma was read 
twice with a Beckman DU spectrophotometer at 620 mu. 


Arterial oxygen 
% saturation 
100 % 
Oxygen 


brachial 
arterial 
pressure 


Arterial 
hematocrit Air 


Indicator dilution curves were constructed on semi- 
logarithmic paper from the plasma concentration of 
T-1824. Cardiac output and mean transit time were cal- 
culated by mathematically extrapolating the downslope 
of the dye curve to zero concentration as described by 
Lilienfield and Kovach (7). Stroke volume was obtained 
by dividing cardiac output by heart rate. Arterial he- 
matocrits were read in Wintrobe tubes after centrifu- 
gation at 2,260 G for 30 minutes. Red cell volume was 
measured by the dilution of Cr”-labeled red cells as de- 
scribed previously (8). In calculating plasma volume 
from the Cr” cell determinations, the total body hemato- 
crit was assumed to be 0.92 times the large vessel hemato- 
crit (8, 9). Direct measurement from T-1824 concen- 
trations after 10 minutes of equilibration gave similar 
plasma volume measurements. The blood volume data 
recorded in Table III are those derived from the Cr” 
method. 
RESULTS 


Data obtained in individual subjects are sum- 
marized in Table III. Oxygen consumption ap- 


TABLE II 


Clinical and laboratory summary of subjects with chronic hypervolemia (polycythemia vera) 


Duration Previous 
treat- 


Patient Sex Weight symptoms ment 


Arterial 


Arterial oxygen 
Mean % saturation 
brachial - 
arterial 100% 
Platelets Oxygen 


mos 


* One or more phlebotomies. 


108/cu mm 


|. = ae 
a 
yrs kg mm Hg % 
aan ALR. 42 M 59.5 82 0.43 95.2 Sigs 
or D.B. 49 M 86.4 103 0.48 95.8 ae 
W.S. 50 M 82.6 103 0.41 A 
3.) C.H. 71 F 69.0 99 0.49 97.3 
F 64.8 100 0.44 96.5 
7% O.W. 42 F 66.6 104 0.40 95.3 
Ib Elevated hematocrit 
pees G.A. 47 M 86.5 82 0.53 98.9 1007 Es 
Eee D.G. 73 F 55.7 116 0.53 96.0 100* = 
44 M 70.5 94 0.53 94.2 99.2 
a F.B. 65 M 57.5 90 0.55 
= 
‘ae 
Het. 
yrs ke % mm He 
an tam S.Ta. 76 F 45.3 1 0 0.65 110 10.9 186 95.0 100° 
i a G.S. 65 F 51.4 1 0 0.65 120 16.8 850 93.0 99.5 iF 
3 Co A.L. 61 M 71.8 1 0 0.56 120 15.3 830 94.1 98.7 app ie 
F.Y. 42 M 67.3 1 0 0.60 97 22.9 1,315 94.0 97.4 
Ae 2: 68 M 58.0 1 0 0.65 128 18.0 510 93.3 100° 
ie H.W. 68 M 63.6 12 pare 0.59 99 10.3 220 93.7 99.5 
R.S. 55 M 69.0 12 0.56 108 13.3 330 97.0 100° 
ae S.Tu. 33 F 58.0 156 * 0.57 81 8.4 220 99.5 100° * 
J.F. 33 M 75.9 60 0.64 100 22.8 258 96.9 99.0 
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CIRCULATORY EFFECTS OF CHRONIC HYPERVOLEMIA 


peared to be similar between the subjects in Groups 
land II. The average for the former was 148 ml 
per m* per minute, and in subjects with polycythe- 
mia vera, 155 ml per m* per minute. The mean 
arterial oxygen saturations were 96, 96 and 95 per 
cent in Groups Ia, Ib and II. Oxygen content of 
blood differed; Group Ia had an average arterial 
oxygen content of 17.83; Group Ib, 20.81; Group 
IT, 22.04 volumes per cent. 

The average cardiac output of 3.65 L per min- 
ute per m* in the normovolemic subjects with nor- 
mal hematocrit (Group Ia) was similar to that of 
3.50 L per minute per m* in Group Ib with ele- 
vated hematocrits but normal blood volume. In 
the polycythemia group (II), output was 32 per 
cent higher, i.e., 4.81 L per minute per m?. When 
both arterial oxygen content and cardiac output are 
considered, the total oxygen available to the tissues 
per unit of time was greater by 19 per cent in 
Group Ib and by 70 per cent in Group II, com- 
pared with Group Ia. 

Blood volume measurements indicated an aver- 
age red cell mass of 24 ml per kg in Group Ia, 34 
ml per kg in Group Ib, and 53 ml per kg in 
Group II. Plasma volumes were 36, 34 and 42; 
total blood volumes were 60, 68 and 95 ml per kg. 
The body hematocrit correction factor ' was 0.87, 
0.92, and 0.91 in Groups Ia, Ib, and Il. These 
similar values would seem to exclude any signifi- 
cant blood vessel distributional difference among 
the three groups. Five of the 10 hypervolemic 
patients with polycythemia vera had high cardiac 
outputs (Figure 1). Comparing those with high 
and normal output, the former had an average 
blood volume of 102 ml per kg versus 89 ml per 
kg in the latter. There was no apparent differ- 
ence between the five subjects with normal output 
and the five with high output when evaluated from 
the standpoint of duration of illness, splenomegaly, 
hematocrit level, oxygen consumption or age. 
Pulse rate was greater in the subjects with a high 
output (95 versus 69 beats per minute). There 
was a high degree of correlation (R = + 0.94) be- 
tween blood volume and resting stroke volume in 
all subjects studied. The output per beat per m? 


1 Where mean body hematocrit correction factor = 
red cell volume (Cr") 
red cell volume (Cr”) + plasma volume T-1824 
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exceeded normal values in all of the polycythemia 
patients, and the correlation coefficient between 
blood volume and stroke volume corrected for body 
surface area was + 0.91 (Figure 2). Similarly, 
cardiac index correlated well with blood volume 
per m? (R= +0.76). 
(antecubital vein to brachial artery) of 21.1 sec- 
onds in the hypervolemic patients was_ slightly 
greater than the average value of 17.6 seconds in 


The mean transit time 


the normovolemic subjects. 

These results suggested a relationship between 
the increased blood volume and elevated stroke 
output. In order to evaluate this relationship 
and the significance of the other measurements, 
seven patients with polycythemia vera were re- 
studied following phlebotomy. Between 500 
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THE EFFECT OF BLOOD REMOVAL ON STROKE INDEX 
IN POLYCYTHEMIA VERA. 


Fic. 3. 


and 3,100 ml of blood was removed from the pa- 
tients over time intervals of up to 62 days. In 
the six subjects studied two to eight weeks post- 
phlebotomy (excluding the one instance when 
measurements were made immediately after bleed- 
ing), the average hematocrit was reduced from 
0.62 to 0.45. Blood volume fell from 100.2 to 
86.3 ml per kg. Cardiac index was reduced from 
4.8 to 4.1 L per minute per m*, and stroke index 
fell correspondingly from 61 to 53 ml per beat per 
m*. The decreases, while not of great magnitude, 
were significant in that they occurred in each pa- 
tient subjected to phlebotomy (Figure 3). 

In the instances of intracardiac pressures meas- 
ured in polycythemia vera (S.Ta., G.S. and A.L.), 
mean right atrial pressures were 1, 3 and 3; mean 
pulmonary artery, 12, 13 and 25; and pulmonary 
“capillary,” 9, 9 and 11 mm Hg. 

In the patients with polycythemia there was a 
significant correlation of total blood volume and 
oxygen consumption per m?; the coefficient of cor- 
relation between these parameters prior to phle- 
botomy was 0.89 (p < 0.001). Oxygen consump- 
tion in the normovolemic subjects, however, 
showed no such relationship, although there was 
considerable overlap in oxygen consumption be- 
tween the two groups. Red cell mass in the poly- 
cythemic subjects was similarly related to oxygen 
uptake. 

DISCUSSION 

Previous estimates of cardiac output in poly- 
cythemia vera have been limited and have been 
performed by the indirect Fick principle. Alt- 
schule, Volk and Henstell, employing the ethyl 
iodide method of measurement, reported normal 


output in three patients (10). Brooks also re- 
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ported a normal cardiac index in one patient (11). 
Several others have agreed that retardation of 
peripheral blood flow is a prominent feature of 
polycythemia vera (12). Goldsmith, estimating 
output by the acetylene method, reported increased 
output in one of four patients studied (13). These 
reports are so limited in number as well as in 
methods that conclusions can not be drawn. 

The present studies show a normal or elevated 
cardiac output and a consistently increased stroke 
volume in polycythemia vera. This is opposite 
to the experimental results obtained by Richard- 
son and Guyton (1) in acutely induced normo- 
volemic polycythemia. 

The explanation for the elevated stroke index 
would appear to relate to the altered blood volume 
in polycythemia vera. That hypervolemia exerts 
its effect through increased central blood volume 
and enhanced diastolic filling seems logical (14). 
It is possible that the increased cardiac output ob- 
served in five of the ten subjects was in part de- 
pendent upon increased venous return, similar to 
the transient effects described with acute hyper- 
volemia in dogs (15). From other studies there 
is evidence that acute hypervolemia achieved by the 
infusion of dextran and other blood volume ex- 
These 
techniques also produce a decrease in hematocrit 
as a complicating feature. The present study in- 
dicates that high output occurs with hypervolemia 
even in the presence of an elevated hematocrit. 
These observations in the chronic hypervolemia 
of polycythemia vera may be compared with the 
studies of Kjellberg, Rudhe and Sjostrand in 
which an augmentation of blood volume and work 
capacity per heart beat were observed in trained 
athletes (17). The possible relationship between 
increased output observed with high altitude poly- 
cythemia (18) and altered blood volume would 
seem to merit study. 

Although blood volume correlated with both 
stroke volume and cardiac output in this study, 
the question should be raised whether hypervole- 
mia was a causal factor or whether this correlation 
was incidental. The fall in cardiac output and 
stroke volume after blood volume was reduced by 
phlebotomy suggests that the hyperkinemia does 
indeed causally relate to chronic hypervolemia or 
some feature thereof. 
normal subjects show that acute bleeding results 


panders increases output (2, 4, 6, 16). 


Recent observations on 
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CIRCULATORY EFFECTS OF CHRONIC HYPERVOLEMIA 


in a decreased stroke volume which is correlated 
with the reduction in “central blood volume” (19). 
It was of some interest also that the effect of the 
increased cardiac output was to maintain a normal 
plasma flow in the patients (Figure 4). Although 
body tissues may have plasma flow requirements 
that influence cardiac regulation, such considera- 
tions at present remain conjectural. 

Under the conditions of this study there is a 
notable lack of correlation between oxygen re- 
quirement, as reflected by oxygen consumption, 
and oxygen supply, as measured by hemoglobin 
concentration and cardiac output. In looking fur- 
ther into possible correlations, it is equally ap- 
parent that poor correlation exists between oxygen 
consumption, which presents similar average val- 
ues in the three groups of subjects, and the blood 
volume, which is considerably elevated in the poly- 
cythemia vera group. There is, however, an im- 
pressive correlation between blood volume and 
oxygen consumption among the individuals of 
the polycythemia vera group (R = + 0.89). One 
might suggest that increased blood volume per se 
could affect cardiac work and perhaps metabolic 
activity of other tissues. 
lation between oxygen consumption and cardiac 
work (R = + 0.69) and stroke volume (R= + 
0.78), but not with heart rate or arterial blood 
pressure. However, post-phlebotomy studies ap- 
pear to negate this reasoning, since a reduction in 
blood volume was associated with no change, or 
perhaps with a slight increase in oxygen consump- 
tion. A second explanation would seem to be the 


There was some corre- 
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possible contribution of enhanced hematopoietic 
activity to the general body metabolic rate. Thus 
the increased red cell mass or blood volume and 
the enhanced metabolic activity would both be 
manifestations of the marrow disturbance. The 
explanation for this association awaits further 
studies, but two additional features might be men- 
tioned: 1) that while Bliss (20) reported a tend- 
ency for increased metabolic rate in polycythemia 
vera, our average oxygen consumption is not above 
that of the two other groups studied; and 2) 
while there is a correlation between oxygen con- 
sumption and total blood volume or red blood 
cell mass, there is no correlation between oxygen 
consumption and hematocrit levels in the poly- 
cythemia vera patients. 


SUMMARY AND CONCLUSIONS 


Resting hemodynamic studies were performed 
in 10 patients with expanded blood volumes due to 
polycythemia vera. In comparison with compara- 
ble groups of normovolemic subjects, the patients 
with polycythemia showed a consistently elevated 
stroke index (39 per cent) as well as a significant 
but less uniform increase in cardiac index (34 per 
cent). 

The augmentation of stroke volume described in 
these patients was closely related to the increase 
in total blood volume. There was excellent cor- 
relation between resting stroke index and _ total 
blood volume per m? in the 20 patients studied 
(R = + 0.91). 

Phlebotomies, performed in seven patients, were 
followed by a reduction in stroke volume and 
cardiac output in all instances. 

The rate of plasma flow was found to be normal 
in polycythemia vera. 

In patients with polycythemia there was a sig- 
nificant correlation between oxygen consumption 
and total blood volume. 
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NEURAL 


In recent years the association of chronic diar- 
rhea with tumors of neural origin has been re- 
ported by several authors (1-5). Green, Cooke 
and Lattanzi (5), in their report of three such 
cases, focused attention on the possible secretory 
nature of these tumors by emphasizing the cessa- 
tion of symptomatology that results following 
their operative removal. Evidence of increased 
production of catecholamines in such cases was 
then presented simultaneously by Dicke and co- 
workers (6) and by Greenberg and Gardner (7). 
More recently, two additional cases with similar 
results have been reported (8, 9). 

As noted by Sjoerdsma, the study of catechola- 
mine metabolism in humans can, perhaps, be most 
easily accomplished by the investigation of the 
biosynthesis and fate of catecholamines in patients 
with pheochromocytoma (10). Urine from such 
patients has proved to be a good source for the 
identification of the metabolites of pressor amines. 

The demonstration of the hormonal nature of 
other tumors of nervous tissue opens up a new 
area for the study of catecholamine metabolism by 
human nervous tissue. This paper is a report of 
studies carried out in a two and one-half year old 
girl who manifested chronic, severe diarrhea and 
a normal postoperative course in association with 
a posterior mediastinal ganglioneuroma. 


CASE HISTORY 


C.M., SMH 423041-3, a 2.5 year old white female, was 
admitted to Syracuse Memorial Hospital on May 24, 
1959, with a chief complaint of chronic diarrhea of 1 


* Aided by a research grant A-2504 (C1) and training 
grant 2G-346, National Institutes of Health, Bethesda, 
Md. 

+ Fellow of the National Foundation; portions of these 
studies were carried out under the fellowship at the 
Fysiologiska Institutionen, Karolinska Institutet, Stock- 
holm, Sweden. Present address: Department of Pedi- 
atrics, Stanford University School of Medicine, Palo 
Alto, Calif. 
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year’s duration. At the age of 15 months she developed 
a watery diarrhea, 6 to 8 stools per day, that persisted 
up to the time of admission, associated with increasing ab- 
dominal distention and failure to gain weight for the 
preceding 8 months. There was no anorexia; an intake of 
8 to 10 glasses of water per day was noticed with an 
apparent polyuria. There was no history of increased 
perspiration, skin rashes, flushing or episodic abdominal 
pain. Coldness of the distal parts of the extremities was 
not observed, and she remained afebrile throughout. Pre- 
natal and birth histories were entirely normal, as were 
her early development and feeding. There are 4 normal 
siblings in the family and a negative family history for 
significant abnormalities or diseases. 

Physical examination. Observation revealed a small, 
alert wiry girl with a protuberant abdomen and a paucity 
of subcutaneous adipose tissue. Blood pressure was 105/ 
70; weight 21 pounds; height 32.5 inches; head circum- 
ference 18.25 inches; head to pubis 18.75 inches; arm 
span 31.38 inches; upper/lower ratio, 1.35. Significant 
findings were limited to the abdomen which was distended 
and tympanitic and quiet to auscultation. No viscero- 
megaly was present; rectal examination was normal; the 
stool was watery, brown and nonfatty. 

Radiological studies. Radiographic and fluoroscopic 
examination of the chest with barium swallow revealed 
a large circumscribed area of increased density in the 
posterior superior mediastinum. An extrapleural shadow 
was present in both apices (Dr. Edward Carsky). Ex- 
amination of both hands and wrists showed normal bone 
architecture and a skeletal maturation corresponding to 
the chronological age. 

Serum chemistries. Chemical measurements on serum 
are recorded in Table I. Hypokalemia was _ present. 
Associated with this was a failure to conserve water; 
i.e., after a 12 hour period of oral fluid deprivation, the 
urine specific gravity was 1.009. Urine collections for 6 
consecutive preoperative 24-hour periods revealed vol- 
umes of 960, 765, 740, 550, 1005 and 960 ml, with specific 
gravities ranging between 1.005 and 1.010. Hypophospha- 
temia of marked degree was found, in association with 
slightly diminished alkaline phosphatase activity. 

Hospital course. The patient continued to manifest 
persistent watery diarrhea until surgery. She showed 
no hypertension throughout her hospital stay. On June 5, 
1959, a right thoracotomy was performed by Dr. Lawrence 
K. Pickett with the removal of a smooth, encapsulated 
tumor mass from the right superior mediastinum, meas- 
uring 4.5 x 1.5 x 2 cm and weighing 42 g. Part of the 
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PHOTOMICROGRAPH OF GANGLIONEUROMA FROM 
Patient C.M. (X 120). Note numerous well differenti- 
ated ganglion cells. 


tumor was frozen in dry ice-alcohol within 15 minutes 
after removal. The histologic appearance of the tumor 
was characteristic of a ganglioneuroma with focal cal- 
cification (Dr. John T. Prior), as shown in Figure 1. 
The postoperative course was completely uneventful with 
immediate cessation of diarrhea and resumption of a 
normal stool pattern. 


METHODS 


1. Assay of urinary hormones and metabolites. The ma- 
jor metabolite of 5-hydroxytryptamine (serotonin), 5-hy- 
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droxyindoleacetic acid (5-HIAA), was determined by 
the method of Udenfriend, Titus and Weissbach (11). 
Free norepinephrine and epinephrine were determined on 
the same specimens (collected in 5 ml 6 N HCI and main- 
tained in a frozen state) by two means: a) the method 
of von Euler and Floding, using iodine as the oxidant 
(12) and b) the method of von Euler and Lishajko (13). 

Dopamine was determined according to Carlsson and 
Waldeck (14), after elution from an alumina column 
with 0.25 N acetic acid. Norepinephrine, epinephrine, di- 
hydroxyphenylacetic acid (dopac) and metanephrine pro- 
duced less than 2 per cent fluorescence in equimolar 
amounts when compared with dopamine under the con- 
ditions of this method. 

3-Methoxy-4-hydroxymandelic acid (VMA), a major 
metabolite of norepinephrine (and epinephrine) was de- 
termined by the semiquantitative paper chromatographic 
method of Armstrong, Shaw and Wall (15, 16). Con- 
firmatory determinations were done by the method of von 
Studnitz and Hanson (17).1 Homovanillic acid, a ma- 
jor metabolite of both dopa and dopamine, was deter- 
mined by high voltage paper electrophoresis (18). 

3-Methoxy-4-hydroxyphenylalanine (3-methoxydopa), a 
newly identified amino acid, was isolated in the pre- 
operative urine,! confirming a previous finding in a simi- 
lar case (18). ' 

2. Biochemical studies of the tumor., Five per cent tri- 
chloroacetic acid extracts of the tumor were passed 
through an alumina column at pH 8.3 and eluted with 
0.25 N acetic acid. Norepinephrine, epinephrine and 
dopamine were then determined by previously described 
methods (13, 14). 

Approximately 3 g of the tumor was extracted and 
passed through an alumina column as above; the eluate 
was evaporated in vacuo at less than 35° C to 2 ml, ex- 
tracted twice with 5 vol of butanol. After evaporation, 
the butanol extract was applied to Whatman no. 1 chro- 
matographic paper. After a 24 hour run, descending, 

1 These determinations were kindly done by Dr. Wil- 
fried von Studnitz, Department of Clinical Chemistry, 
University of Lund, General Hospital, Malmo, Sweden. 


TABLE I 


Serum chemistries demonstrating hypokalemia and hypophosphatemia 


5/26/59 
5/27/59 
5/29/59 
6/1/59F 
6/3/59t 
6/5/59 Surgery 
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Alk. 
phosphatase 


Total 
proteins 


Serum 
albumin 


mg % mg % B-L units* 


5.8 
14 6.8 4.5 


The normal range for children in this laboratory is 2.8 to 6.7 B-L units. 
+ During the period 6/1 to 6/3, oral K* supplement was 45 mEq/day. 
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TABLE II 


Summary of determinations of catecholamines and metabolites in pre- and 
postoperative urine (see text) 


3-Methoxy-4-hydroxy- 


Norepinephrine Epinephrine mandelic acid 
Homovanillic 
A B A B c D Dopamine acid 
ug /24 hrs ug /24 hrs ug/meg urinary mg/24 ug/24 mg/24 
creatinine hrs hrs urinary wrs 
creatinine 
Preoperative 148 232 3.6 0.0 25 90 13.0 2,833 402 58 
Postoperative 17.1 22 0.65 2.9 1.25 14.5 1.4 100 120 17:3 
Normal values 8.0 + 4.0 1.2 + 0.5 1.5- 2.8- 
30" (Po 5-10X Not available 
norepi- 
nephrine 


* These values refer to adults and children above 3 years of age. Below that age the values are slightly higher; 


valuest 


creatinine is used as a basis for comparison, with the relatively lower muscle mass of young children resulting in an ap- 
parently increased excretion of 3-methoxy-4-hydroxymandelic acid. 


with butanol saturated with 1 N HCl as the mobile phase, 
the chromatogram was sprayed with ethylenediamine 10 
per cent (vol/vol) ; the reference spots, representing ap- 
proximately 10 wg pure substance, were located by ex- 
posure to ultraviolet light and the paper was cut into 2 < 
1 cm strips, eluted overnight in dilute NH,OH (pH 10), 
and the fluorescence was read in a Coleman spectrofluor- 
ometer. 

The histamine content of the tumor was determined 2 
by the fluorescent method of Shore, Burkhalter and Cohn 
(19). 

3. In vitro biologic activity of the tumor. A trichloro- 
acetic acid extract of 0.192 g of the tumor was washed 3 
times with peroxide-free ether and taken to pH 4.5 with 
1 N NaOH, then bioassayed on a hen’s isolated rectal 
cecum preparation, according to the method of von 
Euler (20). 

4. Assay of catechol-O-methyl transferase activity. 
When the soluble supernatant fraction from a wide va- 
riety of tissues is incubated with S-adenosylmethionine 
and epinephrine, in the presence of a cation (especially 
Mg*), metanephrine (3-methoxy derivative of epineph- 
rine) is formed, as described by Axelrod (21-23). Tis- 
sue, representing 0.5778 g wet weight of tumor, was as- 
sayed for its ability to form metanephrine according to 
the method of Axelrod and Tomchick (22). Attempts 
were made to isolate normetanephrine from the tumor 
by paper chromatography of organic solvent extracts of 
the filtrate of trichloroacetic extracts of the tumor, which 
had been passed through alumina columns. Extractions 
of the filtrates were done with butanol, followed by hep- 
tane, and also with isoamylalcohol : toluene, 3:2, both at 
pH 10, with re-extraction in both cases with a small vol- 
ume of 0.05 N HCl. 


* These determinations were kindly performed by Dr. 
Helen Treadway Graham, Department of Pharmacology, 
Washington University School of Medicine, St. Louis, 
Mo. 


¢ Normal values obtained by use of same method in newborns (25) and adults (26). 


RESULTS 


In three consecutive preoperative urine collec- 
tions, 1.61, 1.69 and 2.06 mg of 5-HIAA per 24 
hours were present. Normal levels for children of 
comparable age are not available ; however, normal 
adult levels, using the same method, range from 
1.7 to 5.5 mg per 24 hours (24). 

The preoperative excretion of norepinephrine, 
VMA, dopamine and homovanillic acid was ele- 
vated when compared with normal values and/or 
postoperative levels. The results of these deter- 
minations are summarized in Table IIT. Columns 
designated A and B refer, respectively, to fig- 
ures derived from the methods of von Euler and 
Floding (12) and von Euler and Lishajko (13). 
The normal levels, obtained by the use of the 
former method, are abstracted from Zeisel and 
Kuschke (27) and are in agreement with our un- 
published observations. The slightly elevated post- 
operative levels are believed to be of no significance 
in view of the normal course of the patient during 
the six months since surgery. 

The identity of the activation and fluorescent 
spectra (as determined in an Aminco-Bowman 
spectrophotofluorometer ) of dopamine in the pre- 
operative urine with standard dopamine is demon- 
strated in Figure 2. 

The marked elevation in the urinary excretion 
of VMA was found when determined by both 
methods used; in Table II, C refers to the method 
of Armstrong (16) and D to the method of von 
Studnitz and Hanson (17). The discrepancy in 
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ACTIVATION SPECTRUM FLUORESCENT SPECTRUM 


FLUORESCENT ACTIVATING 
WAVE LENGTH WAVE LENGTH 
390 my 330 mp 
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FLUORESCENT UNITS 


WAVE LENGTH 


DOPAMINE 0.5)c 

Fic. 2. ACTIVATION AND FLUORESCENT SPECTRA OF AN 
ALIQUOT OF PREOPERATIVE URINE, DEMONSTRATING THE 
SIMILARITY TO STANDARD DOPAMINE. See text for meth- 


ods. 


amounts found by the two methods is probably 
based on a difference in methodology. Homo- 
vanillic acid was elevated when compared with 
the postoperative value; no normal values have 
been established. 

The tumor itse/f contained 8.6 pg norepineph- 
rine, 0.074 yg ennephrine and 2.09 dopamine per 
g wet weight. Figure 3 depicts the identity of 
fluorescent peaks of an extract of the tumor with 
standard norepinephrine and dopamine, when 
chromatographed in butanol: HCl (see Discus- 
sion). Two separate homogenates of the tumor 
were assayed for histamine content, the second of 
which contained more connective tissue than the 


N NOREPINEPHRINE 


FLUORESCENT UNITS 
ARBITRARY 


TUMOR 
cLuate 


STANDARO 
REFERENCES 


298mm 


Fic. 3. QUANTITATIVE PAPER CHROMATOGRAPHY OF AN 
ELUATE FROM THE GANGLIONEUROMA.  Ethylenediamine 
condensation method; N = norepinephrine, E = epineph- 
rine, D = dopamine. 
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0.2 cc 


Tumor Tumor mug 
Extract Extract NE 
(0.1 ce extract = 6.3 mg tumor wet wt.) 
lic. 4. BIOASSAY OF TUMOR EXTRACT ON HEN'S ISOLATED 
RECTAL CECUM, METHOD OF VON EuLerR (20). 


first. Respectively, the values found were 0.37 and 
These val- 
ues correspond to the content found in normal 


0.261 pg per g wet weight of tissue. 


brain tissue by the same method. 

When a crude extract of the tumor was bioas- 
sayed on a hen’s isolated rectal cecum, relaxation 
of the intestinal smooth muscle was produced, as 
shown in Figure 4. By this method, 15.2 pg of 
norepinephrine-equivalents per g wet weight of 
tumor was calculated to be present. 

As a means of studying possible mechanisms 
governing catecholamine release as a result of this 
tumor, saline extracts were prepared of two 100 
mg wet weight portions of the tumor and injected 
into male rats. No increase in catecholamine ex- 
cretion was found, suggesting, at least according to 
this procedure, the absence of any substance stimu- 
lating catecholamine excretion from sites other 
than the tumor itself. 


TABLE III 
In vitro assay for cathechol-O-methyl 
transferase activity * 


Metanephrine formed 


ue/50 meg tissue, hr 


‘Tumor 

Control (rat liver) 

S-adenosylmethionine 
omitted 


*Supernatant from tumor and control (rat liver) in- 
cubated with L-epinephrine (0.3 umole), S-adenosylmethi- 
onine (0.2 and MgCl» (10 umoles), with phosphate 
buffer at pH 7.8 (50 wmoles) at 38° C for 1 hour. Total 
volume, 1 ml. 
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Table III indicates the absence of catechol-O- 
methyl transferase activity in the tumor. It should 
be noted that the activity of the control rat liver 
was somewhat lower than that reported in the 
studies of Axelrod and Tomchick (21, 22). Thus, 
some enzyme activity of the tumor might not have 
been detected. However, no normetanephrine 
could be isolated from the tumor by paper chro- 
matographic techniques. It appears, then, that the 
tumor was unable to metabolize the norepinephrine 
formed within it, at least by the important and 
perhaps primary mechanism of O-methylation 
(23). 

DISCUSSION 


Increased amounts of norepinephrine and epi- 
nephrine excretion have been found in cases of 
neuroblastoma by Isaacs, Medalie and Politzer 
(28) and Mason and associates (29). The pres- 
ence of pressor amines in the tissue of a neuroblas- 
toma was reported recently by Graham (30). 
Increased excretion of VMA in cases of ganglio- 
neuroma associated with chronic diarrhea has now 
been found on four occasions (6-9). These data 
have been amplified, in this report, by the finding 
of increased urinary excretion of dopamine and 


homovanillic acid and the presence of norepineph- 
rine and dopamine in the tumor. Cells comprising 


HOH 
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the sympathetic nervous system and chromaffin 
tissue, beth in the adrenal medulla and extra- 
medullary in location, are derived from a similar 
embryologic origin (31). It is now apparent that 
tumors arising from such cells, whether benign 
or malignant, can form catecholamines and act as 
true functional or hormone-producing neoplasms. 

The original hypothesis of Blaschko (32) on 
the metabolic route for the biosynthesis of catechol- 
amines is shown with heavy arrows in Figure 5. 
This has been supported by most studies during the 
past decade [see reviews by Blaschko (33) and 
Kirshner (34)]. Of particular interest with re- 
spect to this report are the studies of Goodall and 
Kirshner (35) who demonstrated the formation 
of norepinephrine, but only very little epinephrine, 
from tyrosine in sympathetic nerves and ganglia. 
That norepinephrine can be formed from dopa and 
dopamine in pheochromocytoma tissue has also 
been shown by Sjoerdsma, Leeper, Terry and 
Udenfriend (36) and Pellerin and 
D'Iorio (37). The findings, in the present re- 
port, of dopamine and norepinephrine in the tu- 
mor tissue, increased urinary excretion of homo- 
vanillic acid [a major metabolite of both dopa 
and dopamine (23)], and the presence of the 
O-methylated derivative of dopa in the preopera- 
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tive urine provide indirect evidence of the exist- 
ence of the dopa — dopamine — norepinephrine 
pathway in this ganglioneuroma. Attention should 
be directed to the report of Senoh, Creveling, 
Udenfriend and Witkop (38) which describes the 
(auto )oxidation of dopamine to form 2,4,5-trihy- 
droxyphenethylamine, a substance that cannot be 
separated from norepinephrine by chromatography 
or recrystallization except after treatment with 
methanolic hydrogen chloride. The relative speci- 
ficity of the oxidation with ferricyanide substanti- 
ates the existence of norepinephrine in the tumor 
studied in this report. 

Recent studies have suggested that dopamine 
may have a function other than as an intermediate 
in the synthesis of norepinephrine and epineph- 
rine. Indeed, dopamine has been recognized as 
a normal constituent in human urine for many 
years (39, 40). 
species studied, norepinephrine and dopamine are 
present in approximately equal quantities (41). 
There is, however, a disproportionate distribution 
of catecholamines in the central nervous system ; 
dopamine is present in high concentration in the 
caudate nucleus, whereas norepinephrine is most 
abundant in the hypothalamus. Dopamine, simi- 
larly, has been demonstrated in adrenergic nerves 
(42) and has been isolated in tumor tissue (pheo- 
chromocytomas) previously (43-45). The oc- 
currence in ruminants of large amounts of dopa- 
mine in lung, spleen (46), duodenum and liver is 
of interest in view of the close correlation between 
the distribution of dopamine and a special type of 
chromaffin cell (47). Such cytological correlations 
have not, however, been found in either brain or 
sympathetic nervous tissue. While it seems likely 
that dopamine has its own physiologic role in those 
tissues in which its concentration is much higher 
than its “successor” in the metabolic pathway, nor- 
epinephrine, there is no evidence as yet that dopa- 
mine serves any physiologic role in the peripheral 
sympathetic nervous system other than precursor 
to norepinephrine. Whether this may be altered 
in the case of dopamine-producing tumors  re- 


In the brain of all mammalian 


mains to be determined. 


Is it possible to relate, in a cause and effect man- 


ner, the biochemical findings and symptomatology 
in the case? The abolition of both symptoms and 
elevated excretion of catecholamines and metabo- 
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lites after removal of the tumor is suggestive of a 
relationship between the two phenomena. Indeed, 
the precise mechanism of diarrhea in such cases 
awaits clarification. Increased excretion of cate- 
cholamines, as in cases of pheochromocytoma, has 
often been reported in the absence of disturbed 
bowel function. The hypokalemia observed in 
this patient may be secondary to chronic diarrhea 
or may be associated with the prolonged elevation 
of blood organic acids. The relationships between 
catecholamines and potassium balance as reviewed 
by Ellis (48), are too unclear to support generali- 
zations. 

The evidence obtained in this study suggests 
that the tumor was unable to form the O-methyl- 
ated metabolites of catecholamines. If so, the 
Q-methylated metabolites found in excess in the 
preoperative urine must have been formed else- 
where in the patient. The enzyme, catechol-O- 
methyl transferase, is widely distributed through- 
out the body, having its highest activity in the 
liver (22). 

SUMMARY 


The syndrome of chronic diarrhea in the pres- 
ence of tumors of neural origin has been found 
to be associated with increased production of 
catecholamines and their metabolites. In this re- 
port, increased urinary excretions of norepineph- 
rine, 3-methoxy-4-hydroxymandelic acid, dopa- 
amine and homovanillic acid were found pre- 
operatively in a 2.5 year old girl who exhibited 
chronic diarrhea in association with a posterior 
mediastinal ganglioneuroma. All values returned 
to near normal following operative removal of the 
tumor in conjunction with a cessation of sympto- 
matology. The tumor contained norepinephrine 
and dopamine, as shown by fluorescent and chro- 
matographic techniques. Evidence was obtained 
that the tumor was incapable of forming the 
O-methylated metabolites of catecholamines. 

Although it appears likely that the production of 
catecholamines by the tumor is related to the symp- 
tom of chronic diarrhea, the exact mechanism of 
this relationship awaits clarification. 

In cases of chronic diarrhea and/or suspected 
tumors of neural origin, the determination of nor- 
epinephrine, dopamine and 3-methoxy-4-hydroxy- 
mandelic acid in the urine should prove to be of 
considerable aid in diagnosis and management. 
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RESPIRATORY MECHANICS DURING FORWARD ACCELERATION * 


By JOHN F. WATSON, NEIL S. CHERNIACK anp FRED W. ZECHMAN + 


(From the Acceleration Section, Biophysics Branch, Biomedical Laboratory, Aerospace Medical 
Division, Wright Air Development Division, Wright-Patterson Air Force Base, Ohio) 


(Submitted for publication May 20, 1960; accepted July 28, 1960) 


Tolerance to headward and footward accelera- 
tions is seriously limited by cardiovascular impair- 
ment. During forward acceleration, when the 
subject is so oriented that the inertial effect ex- 
perienced is transverse to the long axis of the 
body and directed front to back, toleration is in- 
creased, but substernal pain, sensation of pressure 
on the chest and abdomen, dyspnea and difficulty 
in inspiring (1) become the limiting factors. Vi- 
tal capacity and maximal breathing capacity de- 
crease while respiratory frequency and minute vol- 
ume increase (2). X-rays of the thorax reveal 
elevation of the diaphragm and shortening of the 
anteroposterior diameter resembling forced ex- 
piration (13). These changes in pulmonary phys- 
iology are similar to those that have been described 
during negative pressure breathing (4-7). Since 
the net inertial effect of forward acceleration re- 
sembles a compressive force applied to the body 
while the subject continues to breath ambient air, 
it seemed reasonable to assume that forward ac- 
celeration simulates negative pressure breathing 
in a manner analogous to breathing ambient air 
while submerged under water (5, 8). In order 
to test this hypothesis, measurements were made 
of the pressure-volume relationships and_ the 
changes in lung volumes occurring during forward 
acceleration. 

METHODS 


1. Subjects. Four healthy adult males between the 
ages of 23 and 30, experienced in riding the free-swinging 
cab of the human centrifuge at the Biomedical Labora- 
tory, were used as subjects. Measurements were ob- 
tained while the subjects were lying on a nylon net seat 
facing the center of rotation with the trunk perpendicular 
to the inertial force, hips and knees flexed 90° and head 
and back tilted forward 12° from the horizontal (Fig- 
ure 1). 


* Presented in part at the meeting of the American 
Physiological Society and Federation, Chicago, April 13, 
1960. 

+ Department of Physiology, Miami University, Ox- 
ford, Ohio. 


2. Lung volumes. Vital capacity, expiratory reserve, 
inspiratory reserve and tidal air were measured at 1, 2, 
3 and 4 G from a 9 L Benedict Roth recording spirometer 
with the CO, absorber in place. Residual volume at 1 
and 4 G was determined by the method of Lundsgaard and 
Van Slyke (9) as modified by Rahn, Fenn and Otis (10). 
Residual volume at 4 G was measured by having the sub- 
ject expire to his maximal end-expiratory position while 
at 4G. The centrifuge was then rapidly stopped while 
the subject maintained this lung volume. The equilibra- 
tion with 100 per cent oxygen required by the method 
was then carried out at 1 G. The concentration of N, in 
the expired gas sample was determined by a Waters 
Conley nitrogen analyzer. 

The relative change in the residual air, but not its ab- 
solute volume, was measured in the following manner. 
At 1 G the subjects expired into a spirometer to their 
maximal end-expiratory position. While still in com- 
munication with the spirometer, they were then rapidly 
accelerated to 4 G. Any shift in the spirometer tracing 
then represented a change in residual volume. 

3. Static relaxation pressure-volume curves. Lung vol- 
umes were measured as above and tabulated as percentage 
of vital capacity. To measure intrapulmonic pressure a 
polyethylene tube 0.5 cm in diameter and 40 cm in length 
was fitted into one nostril through a sponge rubber 
stopper. The tube was attached to a Statham strain gage 
pressure transducer and the results transcribed on a San- 
born multichannel recorder. Control values at rest, or 1 
G, were obtained hy the subject’s inspiring from the maxi- 
mal end-expiratory position to a given lung volume. 
Then while the subject held his breath at the desired lung 
volume, the mouthpiece was removed, and with mouth 
closed, glottis open and subject relaxed, intrapulmonic 
pressure was recorded. Each subject furnished approxi- 
mately 130 pressure readings over the entire range of his 
vital capacity. 

The above procedure was repeated in order to obtain 
the relaxation pressure-volume curves during forward 
acceleration. After a lung volume was obtained, the 
mouthpiece removed and the subject relaxed, the centri- 
fuge was accelerated to 2, 3 and 4 G plateaus for 2 to 3 
seconds each. Intrapulmonic pressure was then recorded 
for each lung volume at each G level. 

In order to verify the pressure measurements obtained 
at each acceleration plateau, a few measurements of in- 
trapulmonic pressure were obtained by first accelerating 
to the desired level and then obtaining a lung volume 
and recording a pressure. No essential difference was 
noted between the two methods. However, because of the 
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Fic. 1. ORIENTATION OF THE SUBJECT IN THE HUMAN 
CENTRIFUGE DURING FORWARD ACCELERATION WITH A 12° 
BACK ANGLE FROM THE HORIZONTAL. 


difficulty in obtaining the curves in this manner, this 
method was not used throughout. Also, since the sub- 
jects could obtain larger lung volumes at 1 G than they 
could while being accelerated, the first method enabled 
us to extend the relaxation pressure-volume curves to 
85 per cent of the 1 G vital capacity at all accelerations. 

4. Dynamic pressure-volume loops. Estimation of the 
total pulmonary work of breathing at 1 and 4 G was ob- 
tained by measuring the areas of pressure-volume respira- 
tory loops (11). Each subject was instructed to relax 
while being ventilated by a Seeler paramedic resuscitator 
(type XMA-4), whose line pressure and inflow resistance 


TIDAL VOLUME CC'S 


A 

0 30 
INTRAPULMONIC PRESSURE 
( MM OF HG ) 


Fic. 2. SCHEMATIC PRESSURE-VOLUME RESPIRATORY DIAGRAMS TO ILLUSTRATE 
THE AREAS MEASURED FOK CALCULATION OF THE TOTAL WORK OF BREATHING (LUNG 


AND CHEST BELLOWS) DURING CONTROL (1 G) AND ACCELERATION (4 G). 


remained the same during both levels of acceleration. 
Mask pressure ranged between 0 and 30 mm of Hg at 1 
and 4G. Changes in volume were measured by electrical 
integration of the signal from a pneumotachygraph linear 
for flow rates between 0 and 107 L. per minute. Pressure 
was measured from a tight-fitting face mask by poly- 
ethylene tubing connected to a Statham pressure trans- 
ducer. The pressure-volume respiratory loops were re- 
corded directly on an Electronics for Medicine recorder 
from the integrated flow signal and the mask pressure 
transducer signal. The recorder and the pneumotachy- 
graph were calibrated dynamically with a constant-vol- 
ume pump. The response was constant and independent 
of frequency. Pressure-volume respiratory loops were 
then recorded at both 1 and 4 G for all subjects. 

The areas measured to determine the work of breath- 
ing at 1 and 4 G are shown in Figure 2. The total work 
was divided into its elastic and non-elastic components, 
and calculated by the usual method (5, 11, 12). For ex- 
ample, at 1 G elastic work is represented by the area ACD 
and the non-elastic work by the cross-hatched area. At 
4 G, since the pressure-volume curve as shown in Figure 
4 is displaced 15 mm of Hg to the right by the compres- 
sive force of acceleration, additional work must be done 
to overcome this force. Therefore, the origin of the 
pressure-volume loop at 4 G was placed at a positive 15 
mm of Hg to illustrate this additional work of breathing. 
However, the recorded mask pressure at the beginning 
of inspiration regardless of the acceleration was actually 
zero. This is comparable with the method used by Rahn, 
Otis, Chadwick and Fenn (5) to calculate the work of 
respiration during positive pressure breathing. Elastic 
work is, therefore, calculated to be equal to the area 
EACD, while non-elastic work remains the cross-hatched 
area. Although, for simplicity, the work necessary to 
overcome this compressive force is included with the total 
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RESPIRATORY MECHANICS DURING FORWARD ACCELERATION 


TABLE I 


Changes in lung volumes during acceleration * 


Accel- 
eration 


TLC. 


cc cc ce cc 
5,004 3,875 + 343 761 + 135 2,333 + 191 781 + 107 
3,488 + 437 502 + 128 2,468 + 183 518 + 108 
3,219 + 430 419 + 123 2,282 + 258 518 + 108 


1,129 + 143 
106 
98 


90 
83 


3,932 79 2,629+460 68 360+ 94 


1,785 +310 77 484+ 71 1,303 + 165 116 


* Mean of four subjects with SE. Abbreviations used: T.L.C. = total lung capacity; V.C. = vital capacity; E.R. 


= expiratory reserve; I.R. = 
t Per cent of 1 G value. 


elastic work, it must be kept in mind that this work may 
not be elastic in its true meaning. 

From these pressure-volume loops, total dynamic pul- 
monary compliance, i.e., the distensibility of the entire 
respiratory apparatus, including lungs and chest bellows, 
was measured from the slope of the line connecting points 
of zero air flow. 


RESULTS 


1. Lung volumes. The changes in lung vol- 
umes occurring during acceleration are shown in 
Table I and Figure 3 along with the standard er- 
rors and the percentages of the 1 G value. All 
the lung volumes decrease more or less proportion- 
ately (with the exception of residual volume which 
shows no significant change) by either of the two 
methods used. 


-L.C. TOTAL LUNG CAPACITY 
R. INSPIRATORY RESERVE 
TIDAL 
EXPIRATORY RESERVE 
RESIDUAL VOLUME 


LUNG 
VOLUMES 


% lg VALUE 


R.V. 
TLE. sad 

Hic. 3. SCHEMATIC REPRESENTATION OF THE CHANGES 
OCCURRING IN TOTAL LUNG CAPACITY AND ITS SUBDIVISIONS 
FROM CONTROL (1G) TO 4 G FORWARD ACCELERATION. 


inspiratory reserve; R.V. = residual volume. 


2. Static relaxation pressure-volume relation- 
ships. The weighted mean static relaxation pres- 
sure-volume curves for 1, 2, 3 and 4 G are plotted 
in Figure 4, with the volumes expressed as per- 
centage of the 1 G vital capacity. As acceleration 
increases, intrapulmonic pressure increases for a 
constant volume displacing the relaxation pres- 
sure-volume curve progressively downward and to 
the right. The difference between each curve by 
the paired ¢ test is significant with a p < 0.01 (13). 

The slopes of the relaxation pressure-volume 
curves for each G appear identical. However, if 
static compliance is measured from the end-ex- 
piratory position at each G and over a pressure 
change of 5 mm of Hg, the static total pulmonary 
compliance becomes progressively smaller as ac- 
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Fic. 4. THE STATIC RELAXATION PRESSURE-VOLUME 
CURVES DURING CONTROL (1 G), AND 2, 3 AND 4 G For- 
WARD ACCELERATION. All lung volumes were obtained at 
1G (see Methods). 
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TABLE II 


The work of breathing and total dynamic compliance 


*at1G 


Subject 


Work of breathing 
Dynamic 
compliance 


Elastic Non-elastic 


N.C, 


* The of thee entire respiratory lungs choot 


kg/m/min cc/om HO 


0.90 
0.93 


Pt = intrapulmonic 


pressure at the end of the tidal volume; f = respiratory frequency; Ve = minute ventilation. 


celeration is increased, being 80 cc per cm of H,O 
(2.1 per cent of vital capacity per cm of H,O) at 
1 G and 52 ce per cm of H,O (1.3 per cent vital 
capacity per cm of H,O at 4G). The static 1 G 
total pulmonary compliance agrees roughly with 
that reported by other investigators (5, 14, 15). 
3. Total pulmonary work of breathing. Tidal 
volume, work of breathing and total dynamic pul- 


monary compliance are listed for each subject at 
both 1 and 4 G in Tables II and III, respectively. 

Minute ventilation was constant at both accelera- 
tions. However, in order to maintain this con- 
stant and continue to be adequately ventilated dur- 
ing acceleration, it was found necessary to use 
large tidal volumes and hence minute ventilations. 
Since this resulted in abnormally high values for 


TABLE Ill 


The work and total d com 


*at4G 


Subject Tidal 
1,210 
1,280 
1,440 


NG. 840 
950 
950 


1,120 
1,120 
1,000 
1,020 
1,020 
1,170 


1,093 


_We ork of breathing 
- Dynamic 


Non- elastic compliance 


Elastic 


1.03 
0.84 


* See footnote to Table IT. 


Se 
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Tidal Pt f Ve 
ce cm HO L/min 

ea = 2,220 27 7 15.5 2.10 3.00 82 

reas 2,220 27 7 15.5 2.10 2.93 82 

oe 2,220 27 7 15.5 2.10 3.03 82 
seme | — 2,070 30 10 20.7 3.07 0.62 3.69 70 
au 2,210 31 10 22.1 3.37 0.55 3.92 73 

2'070 30 10 20.7 3.12 0.59 3.71 70 

Sr es j.w. 2,000 29 10 20.0 2.93 1.02 3.95 68 

aye: 1,840 30 13 24.0 3.55 1.31 4.86 62 

z le 1,980 29 10 19.8 2.90 1.22 4.12 68 

See GS. 1,880 28 13 24.0 3.38 1.01 4.39 68 

tates 1,840 28 13 24.0 3.38 0.87 4.25 67 

ee ; 1,900 28 13 24.7 3.47 1.50 4.97 68 

ee a Mean 2,090 29 10 20.5 3.04 0.95 3.99 72 

SE + 0.65 +£0.16 +0.09 +0.20 

— 

cm HO L/min 

ee 29 17 20.6 5.20 
29 17 21.8 5.55 

ana € 29 17 24.5 6.24 0.51 6.75 49 

SRS 30 24 20.2 8.23 0.51 8.74 28 

eee 30 24 22.8 9.30 0.26 9.56 32 

joe 31 24 22.8 9.30 0.39 9.69 31 

31 20 22.4 7.06 1.21 8.27 36 
Se 31 20 22.4 7.06 1.13 8.19 36 

Bice 31 18 18.0 5.65 0.94 6.59 33 

Ate GS. 30 16 16.3 3.87 0.77 4.64 34 
es 30 16 16.3 3.87 0.77 4.64 34 

30 16 18.7 4.47 5.24 39 

oe Mean a 30 19 20.6 6.32 0.76 7.08 37 
+ 0.8 +£0.56 +£0.08 +0.52 + 2 


mechanical work (11), the increment of work be- 
tween | and 4 G rather than the absolute value is 
meaningful. 

The total work of breathing approximately 
doubled from 1 to 4 G, with the increase being 
entirely in the “elastic work” component. There 
was no change in non-elastic work. 

The total dynamic pulmonary compliance de- 
creased from 1 to 4G. This change was highly 
significant by the method of significance of differ- 
ences between means (13). 


DISCUSSION 


It has become evident that with the accelera- 
tions necessary for successful space flight, the sub- 
ject must be oriented so that the inertial effect is 
transverse to the long axis of the body. In this 
position the anticipated rocket acceleration pat- 
terns for manned space vehicles are tolerable by 
humans. Indefinite tolerance to forward accelera- 
tion, however, is limited by respiratory embarrass- 
ment (1). It has been shown that the respiratory 
defect during transverse acceleration is primarily 
restrictive since the maximal breathing capacity 
and 0.5 second vital capacity decrease less rapidly 
than does the total vital capacity (2). It has also 
been demonstrated that oxygen consumption iii- 
creases (16). Therefore, it appears that forward 
acceleration from a mechanical aspect applies an 
added load upon the muscles of respiration, de- 
creasing lung volumes and increasing work with- 
out evidence of bronchial obstruction. The ex- 
periments reported in this paper offer further evi- 
dence for this concept. 

As acceleration increases, intrapulmonic pres- 
sure increases for a constant lung volume. The 
increase is the same for each G regardless of the 
lung volume (Figure 4). This implies that while 
breathing ambient air the respiratory pump is 
working against an additional resistance which, 
in our studies, at 4 G is equivalent to approxi- 
mately 15 mm of Hg. One might describe this ac- 
celerative force by saying that it effectively in- 
creases the weight of the thorax and lung which in 
turn compresses the volume of air within the al- 
veoli. We have elected to term this force PG since 
it appears to be a constant for each level of acceler- 
ation. Rahn and co-workers (5) analyzed the re- 
laxation pressure (Pr) as the algebraic sum of 
two fractions, the hing elasticity (Pl) and the 
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chest elasticity (Pc) where the latter includes all 
of the elastic or gravitational factors other than 
those of the lung itself. During acceleration the 
relaxation pressure at each G is greater than the 
resting relaxation pressure by an amount equal 
to PG. 

Non-elastic work between 1 and 4 G does not 
change. However, because of the additional re- 
sistance to inspiration offered by forward accelera- 
tion (PG), “elastic” and total work of breathing 
double. The change in compliance adds only a 
small fraction of this increase in “‘‘elastic’’ work. 
In other experiments, it has been observed that 
respiratory frequency increases while tidal volume 
decreases during increasing forward acceleration 
(16). This probably represents the optimal com- 
bination for minimizing the increase in the work 
of breathing (11, 17). The cause of the increased 
oxygen requirement during acceleration described 
by two of the authors (16) is in all probability 
partly the result of this increased work. 

The static total pulmonary compliance for each 
G over the same volume range is the same, indi- 
cating that there is no definite change in the over- 
all elastic properties of the thorax and lung. 
However, if the static compliance is measured 
from an end-expiratory position, it progressively 
diminishes with increasing acceleration. Since the 
relaxation pressure-volume curves (Figure 4) are 
parallel, this decrease is the result of the fall in 
functional residual capacity (FRC) and pulmo- 
nary mid-position (18-19). Dynamic compliance 
also decreases during acceleration and probably 
for the same reason. Christie (20) and others 
(21, 22) have shown that compliance decreases 
with increasing respiratory frequency when airway 
resistance is increased. However, we have no 
evidence of increased airway resistance during ac- 
celeration since there is no change in non-elastic 
work or timed vital capacity. 

During 4 G forward acceleration the relaxation 
pressure (Figure 4) even at zero lung volume is 
positive. This was true regardless of the method 
used. The reasons for this are obscure. It is pos- 
sible that blood pools into the pulmonary circuit 
upon relaxation after a forced expiration, or that 
during a forced expiration under acceleration there 
is air-trapping within alveoli, which is released 
upon relaxation. Regardless of the cause, it im- 
plies that inspiration during 4 G or greater for- 
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ward acceleration is always active, regardless of 
the end-expiratory position, and complete relaxa- 
tion of the inspiratory muscles does not occur. 

Respiratory frequency during forward accelera- 
tion increases linearly at least up to 12 G (16). 
Since forward acceleration resembles chest com- 
pression, the increase in frequency may in part be 
due to stretch or proprioceptive reflexes. Culver 
and Rahn (23) have demonstrated that chest com- 
pression by pneumatic cuff or Drinker respirator 
results in a decrease in tidal volume and an in- 
crease in respiratory frequency, both of which can 
be nullified by vagal blocking. 

All of the lung volumes decrease proportion- 
ately during forward acceler: on, with the excep- 
tion of residual volume. The largest percentage 
of reduction is in the expiratory reserve volume. 
This implies a downward shift of the mid-pulmo- 
nary position, and a decrease in the FRC. Agos- 
toni, Thimm and Fenn (24) considered the FRC 
as a buffer zone for maintenance of alveolar com- 
position. They demonstrated that as the FRC de- 
creased, respiratory frequency increased, main- 
taining within small limits changes in the com- 
position of alveolar air. This relationship between 


respiratory frequency and FRC is evident during 
forward acceleration (16) and would theoreti- 
cally minimize fluctuations in alveolar gas com- 
position and rate of work. 

Residual volume between 1 and 4 G does not 


significantly change. This is surprising, since 
it was expected that during forward acceleration 
residual volume would decrease as the result of 
thoracic compression and increase in pulmonary 
blood volume. Changes in residual volume sec- 
ondary to shifts in pulmonary blood volume have 
been demonstrated by Fowler, Guillet and Rahn 
(7) using continuous positive or negative pres- 
sure breathing in a Drinker respirator. However, 
these changes were small, and the degree of nega- 
tive pressure breathing that produced a signifi- 
cant change far exceeded that which would be 
equivalent to 4 G acceleration. During accelera- 
tion, residual volume becomes a larger percentage 
of total lung capacity. Whether or not this in- 
creased ratio is significant enough to be a factor 
in altering gas exchange remains to be evaluated. 
This pattern of lung volumes is the same as that 
seen in other situations of thoracic constriction 
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. 5. PRESSURE-VOLUME DIAGRAM OF THE CHEST DUR- 
ING INCREASING FORWARD ACCELERATION. 


such as kyphoscoliosis and after encasing the 
thorax of a normal individual in a restricting 
corset (25, 26). 

The result described here support the hypothesis 
that mechanically forward acceleration resembles 
negative pressure breathing. This may be clari- 
fied if all the existing information is combined in 
one diagram, using as a model the pressure-volume 
diagram of the chest described by Rahn and associ- 
ates (5). They constructed the diagram from in- 
formation obtained in relaxation pressure-volume 
curves, and lung volume changes as the result of 
negative and positive pressure breathing. We 
can construct a similar diagram (Figure 5) using 
the same information by assuming that PG at 
various accelerations is equivalent to a pressure 
applied to the body in a manner analogous to the 
pressure applied to the body by a Drinker res- 
pirator during negative pressure breathing. 
Therefore, we can place the 4 G lung volumes at 
a negative 15 mm of Hg, and the 1, 2 and 3 G lung 
volumes at their respective pressures. 

It is not meant to imply that all the abnormali- 
ties occurring in respiratory physiology during 
forward acceleration are the result of negative 
pressure breathing, as inequalities of perfusion, 
diffusion and ventilation may be present. How- 
ever, this study provides a basis for the concept 
that positive pressure breathing may reverse the 
abnormalities of respiratory mechanics and in- 
crease the tolerance to forward acceleration. 
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SUM MARY 


The respiratory mechanics of forward accelera- 
tion were studied in four normal subjects. All 
of the lung volumes decreased proportionately 
with the exception of residual volume which be- 
came a larger fraction of the total lung capacity. 
The resting mid-pulmonary position decreased. 
As acceleration increased, intrapulmonic pressure 
increased for a constant volume, shifting the re- 
laxation pressure-volume curve downward and 
to the right. Static and dynamic total pulmonary 
compliances decreased as a result of the decrease 
in functional residual capacity. Elastic work ap- 
proximately doubled due to the work necessary 
to overcome acceleration resistance (PG). Non- 
elastic work did not change. Inspiration during 


4 G acceleration was always active regardless of 
the end-expiratory position. 

It is suggested that respiratory mechanics dur- 
ing forward acceleration and negative pressure 
breathing are similar. 
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ESOPHAGEAL APERISTALSIS AND ACHALASIA PRODUCED IN 
DOGS BY PROLONGED CHOLINESTERASE INHIBITION * 


By LAURAN D. HARRIS,+ W. D. ASHWORTH 7+¢ ann FRANZ J. INGELFINGER 


(From the Evans Memorial and Massachusetts Memorial Hospitals and Department of Medicine, 
Boston University School of Medicine, Boston, Mass.) 
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Considerable evidence suggests that cardio- 
spasm, or achalasia of the esophagus, is a disease 
of the intrinsic innervation of that organ (1-6). 
If so, a neurotoxic agent might produce a similar 
picture in experimental animals. This possibility 
is enhanced by the report of Koelle and Gilman 
(7) who, while studying the effects of prolonged 
administration to dogs of the anticholinesterase 
agent di-isopropylfluorophosphate (DFP), noted 
the appearance of objective evidences of dysphagia, 
esophageal stasis, and ‘“‘cardiospasm.” However, 
not all motor dysfunctions causing dysphagia and 
esophageal stasis in man are manifestations of 
cardiospasm, and no studies have been performed 
to show that DFP-induced canine “cardiospasm” 
is indeed analogous to the condition seen in man. 


Consequently, we undertook to see if 1) prolonged 
DFP administration does regularly produce an 
esophageal motor disorder in dogs, and 2), if so, 
to determine its nature and its similarity to hu- 
man cardiospasm. 


METHODS 


Six adult mongrel dogs, 2 male and 4 female, weigh- 
ing 15 to 18 kg, were prepared with permanent cervical 
esophageal fistulas by the method of Ware and Howe 
(8). This preparation allows natural feeding with only 
minimal leakage, yet permits ready insertion of recording 
balloons, tubes and barium with no discomfort to the 
unanesthetized animal. Special care was taken during 
preparation of the fistula to identify and avoid injury 
to the vagi. All dogs ate and drank normally and main- 
tained their weight before and after the fistulas were pre- 
pared. Weights were recorded weekly throughout the 
control and experimental periods. The dogs were easily 
trained to lie quietly for as long as 4 hours, unrestrained, 
while studies were done. 


* Presented in part at the meeting of the American 
Federation for Clinical Research, Atlantic City, N. J., 
May 3, 1959. 

+ Work performed during tenure of traineeship from 
the National Institute of Arthritis and Metabolic Diseases, 
Bethesda, Md. 

t Present address: Inter-Mountain Clinic, Salt Lake 
City, Utah. 


DFP (0.5 per cent in peanut oil) was administered 
intramuscularly in alternate hind legs three times weekly. 
Three dosage schedules were used: Dog 1 received 0.5 
mg per kg; Dogs 2, 3 and 4, 0.3 mg per kg; and Dogs 5 
and 6, 0.2 mg per kg. The total dosage was calculated 
on the basis of the control weights and was not changed 
as the weight fluctuated during the experimental period. 
DFP was discontinued at the onset of severe skeletal 
muscle weakness or marked esophageal motor abnormali- 
ties. Serum and erythrocyte cholinesterase levels were 
periodically measured by Michel’s method (9). 

Balloon kymography was performed twice weekly 
during the control and experimental periods by means of 
an essentially isobaric system (10). At the first ky- 
mography session the balloon was allowed to advance 
into the stomach and then withdrawn until it was esti- 
mated to lie in the distal third of the esophagus. After 
the balloon’s position was checked fluoroscopically, the 
tube was marked and during each subsequent study was 
introduced for the same distance. Since small parenteral 
doses of acetyl-8-methyl choline chloride (methacholine 
chloride) have been shown to cause a sustained con- 
traction of the lower esophagus in human cardiospasm 
(11), this agent was administered intramuscularly at 
weekly intervals during the control and experimental pe- 
riods to assess its effect on the balloon kymographic 
record. During the control period it was determined 
that 0.75 mg of methacholine chloride consistently pro- 
duced moderate but not excessively severe systemic ef- 
fects, and this was chosen as the standard dosage. 

Cine-fluororadiography, with aqueous barium sulfate 
suspension as contrast material, was performed during 
the control and experimental periods. The barium was 
introduced into the cervical esophagus by way of a soft 
rubber catheter in the fistula. 

In Dogs 3 and 6, intraesophageal pressures in the lower 
esophagus were studied with open-tipped, water-filled, 
polyvinyl catheters of 14 mm ID. Simultaneous meas- 
urements were made from 3 tips spaced 3 cm apart. The 
tubes contained mercury markers to facilitate positioning 
at fluoroscopy. Pressure changes were transmitted to 
Sanborn pressure transducers and graphed on a San- 
born 4-channel recorder. 

Microscopic anatomy of the esophagus of 3 normal dogs 
and of Dogs 1 and 5, which died after receiving DFP for 
2 and 4 weeks, respectively, was studied in sections stained 
with hematoxylin and eosin. All but Dog 1 were autop- 
sied within 30 minutes of death. Particular attention was 
directed to Auerbach’s plexus. Postmortem change in 
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size of the esophagus with resultant change in “con- 
centration” of ganglion cells was minimized by measur- 
ing the esophagus im situ and maintaining it at this size 
during fixation. After fixation the esophagus was “rolled” 
so that sections representing the entire length of the 
esophagus could be encompassed on a single slide. 


RESULTS 


I. Control period. Balloon kymographic rec- 
ords showed a regular pattern of contractions at 
a rate of 6 to 8 per minute in 4 dogs. Two ani- 
mals, however, (Dogs 1 and 3) had a consistently 
different pattern with the irregular occurrence of 
periods of inactivity varying in length up to 1 
minute. Tho two types of control records are 
shown in Figure 1. It can be seen that about 20 
ml of air enters the balloon before a contraction 
occurs; and in the essentially isobaric recording 
system used, this volume may be regarded as an 
expression of esophageal tonus (10). Both types 
of control records exhibited similar tonus, the fig- 
ure obtained also being comparable with that re- 
corded in the normal human esophagus. In all 
animals the balloon was rapidly propelled into the 
stomach when the tube was released. 

Cine-fluororadiographic examination of the 
esophagus demonstrated active and effective peri- 
stalsis qualitatively similar to that seen in man. 

Serum cholinesterase levels ranged from 0.97 
to 1.52 A pH per hour, erythrocyte cholinesterase 
levels from 0.08 to 0.17 A pH per hour. For the 
individual animals the values were consistent. 
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II, Experimental period. After DFP was 
started, no effects were noted for 3 to 4 weeks, 
whereupon weakness and incoordination of the 
hind legs became apparent and progressed to a 
variable extent. The final degree of paresis varied 
markedly and bore little relationship to the total 
amount of DFP given (Table I). Dog 2 de- 
veloped severe hind leg paresis while Dogs 3 and 
4, which received comparable doses, developed 
only minimal symptoms. About one month after 
DFP was discontinued, hind leg strength in the 
surviving dogs gradually began to improve. This 
recovery was incomplete, however, and the more 
severely affected dogs had considerable weakness 
a year later, 

Dogs 1, 4 and 5 manifested muscarinic effects of 
wheezing and dyspnea which were transiently 
present for about a week in Dog 4, but were noted 
to death in Dogs 1 and 5. These symptoms, as 
well as the weakness and incoordination, became 
much more severe after exercise. Muscular fibril- 
lation was not seen. Transient urinary inconti- 
nence was observed in Dog 2, while Dog 1 had 
urinary and fecal incontinence for 4 to 5 days prior 
to death. Diarrhea was not observed. Small 
bowel balloon kymography was performed on 
Dog 6 eight weeks after DFP was stopped. The 
record obtained was entirely comparable with a 
record obtained from a normal dog as well as with 
normal human records. Although gastric peri- 
stalsis and emptying time were not specifically 
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TABLE 1 
Effect of di-isopropylfluorophosphate given three times weekly, in dogs 


No. of 
doses 
to onset 
of musc. 
weakness 


Single 
Weight dose 


me/ke 
0.50 
0.30 
0.30 
0.30 
0.20 
0.20 


recorded, no gross change was observed at fluor- 
oscopy. 

In all dogs, evidences of dysphagia with regurgi- 
tation of food and fluid and resultant weight loss 
began about one week after the first evidence of 
hind leg weakness, i.e., four to five weeks after 
starting DFP. Terminally, Dogs 1 and 5 seemed 
able to swallow little if anything. In the surviving 
dogs, swallowing difficulties began to clear about 
four weeks after DFP was stopped, and their 
weight gradually returned to near control levels. 

Changes in the balloon kymographic records 
were first noted shortly before the onset of evi- 
dences of dysphagia. These early changes con- 
sisted of prolonged periods of inactivity and a 
decreased torus so that about 30 ml of air was al- 


CONTROL 


MECHOLYL 


to onset 
of musc. 
weakness 


No. of 
doses 
to 
esoph. 
paralysis 


Total 


ose Total 


dose 
to esoph. 


paralysis Extent of paresis 


Died 
Moderately severe 
Minimal 
Minimal 

Died 
Moderately severe 


lowed to enter the balloon. Coincident with the 
signs of dysphagia, esophageal muscular activity 
virtually ceased, i.e., no contractions were observed 
for a 10 to 15 minute period, or at most no more 
than 10 irregularly occurring contractions during 
any 10 minute period. At this time the balloon 
remained stationary when released instead of be- 
ing rapidly propelled into the stomach as in the 
control period. However, the balloon could be 
pushed into the stomach without difficulty. 

With the cessation of esophageal muscular ac- 
tivity, DFP was stopped. Six to seven weeks 
later random, irregularly occurring waves began 
to appear. Figure 2 shows the sequence of trac- 
ings in a dog with a regular control record, and 
Figure 3 the sequence in a dog with an irregu- 
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Fic. 3. SEQUENCE OF BALLOON KYMOGRAPHIC RECORDS IN A DOG WITH AN IRREGULAR 
CONTROL RECORD. 


lar control record. Both show greatly decreased of a year esophageal motor activity increased, but 
tonus during the aperistaltic period with slight in- did not return to normal. 

crease in tonus when some activity had returned. Intramuscular methacholine chloride produced 
This sequence occurred in all dogs. In the course no esophageal effects during either the control or 
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Fic. 4. NorMAL AND POST-DI-ISOPROPYLFLUOROPHOSPHATE (DFP) INTRALUMINAL 
PRESSURE RECORDS FROM THE DISTAL ESOPHAGUS. Deglutition occurred approximately 
two seconds before the positive pressure deflection started. Note the progressive 
peak of pressure (peristalsis) in the normal record as contrasted to simultaneous 
peaks of pressure recorded 8 weeks after DFP was stopped. 
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experimental period. While DFP was being 
given, it became necessary to reduce the dosage of 
methacholine chloride from the standard 0.75 mg 
to as low as 0.25 mg to prevent excessively severe 
systemic reactions. After DFP was stopped, it 
was possible to increase the dose slowly to control 
levels. Dog 6 was given 2.0 mg of methacholine 
chloride on one occasion while she was receiving 
DFP and on another after DFP was stopped. 
Each time profuse salivation, hyperpnea, agita- 
tion and restlessness, vomiting and defecation ap- 
peared, but no esophageal effects were recorded. 

Cine-radiographic examination of the esophagus 
at the peak of DFP effect showed striking changes. 
Barium suspension introduced through the fistula 
with the dog horizontal remained pooled in the 
body of the esophagus and no muscular activity 
was seen. The addition of more barium suspen- 
sion did not result in any motor response ; the or- 
gan merely dilated. To assess the effects of grav- 
ity, the animals were then held upright and ex- 
amined at intervals without the addition of more 
barium. Invariably, most of the column of barium 
suspension remained in the esophagus after the 
animals had been upright for 15 minutes. The 
esophagus was usually found to be empty after 
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the animals had been held upright for 20 to 30 
minutes. 

Six to seven weeks after DFT was stopped, 
when kymographic records showed some return 
of motor function, the radiologic picture of esopha- 
geal dilatation persisted. At this time, however, 
rapid distention of the esophagus with barium 
suspension resulted in recurrent segmental con- 
tractions, brief in duration, that moved the barium 
both orally and, to some extent, into the stomach. 
On occasions these contractions appeared to be 
distally progressive, but they did not completely 
occlude the lumen or empty the esophagus. With 
the passage of these distally progressive but ineffec- 
tual waves the barium suspension did not appear 
to be pushed ahead of the contraction but was 
merely displaced proximally. This resulted in 
the interesting picture of a distally progressive 
contractile wave but proximal or retrograde flow 
of barium suspension. This retrograde flow oc- 
curred even when the animals were in the upright 
position. In the interval between contractions 
there were prolonged periods of inactivity, and 
the esophagus remained filled with barium. 

Control intraluminal pressure records showed 


a distally progressive peak of pressure as a peri- 
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INTRAESOPHAGEAL PRESSURE RECORDS WITH THE MIDDLE TIP IN THE GASTRO- 
In the normal record, distention of a 40 ml capacity 


balloon in the upper esophagus or deglutition regularly resulted in a sharp drop of 
pressure within a second. Although the zone of elevated pressure was found in the 
recording made two weeks after DFP was stopped, no drop of pressure occurred fol- 


lowing balloon distention or deglutition. 
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staltic wave traveled the esophagus, whether ini- 
tiated by a dry swallow, a wet swallow, or by dis- 
tention of a balloon placed in the upper esophagus. 
This is in contrast to the post-DFP (i.e., recovery ) 
period when peaks of pressure were recorded in 
all three tips simultaneously (Figure 4). Intra- 
luminal pressures recorded during the height of 
DFP effect showed only the expected respiratory 
and cardiac effects without evidence of esophageal 
muscular activity. 

Since the pressure characteristics of the gastro- 
esophageal junctional area had not been investi- 
gated in the original group of six, a seventh dog 
was also given DFP after control pressure stud- 
ies of the junctional area. In the control period, 
a zone of elevated pressure which exhibited a 
sharp drop in pressure in response to deglutition 
was recorded, findings similar to those previously 
reported by Schlegel and Code (12). In addition, 
this drop in pressure could be elicited by rapid 
distention of a balloon of about 40 ml capacity 
placed in the upper esophagus (normal, Figure 5). 
This similarity of response to both deglutition 
(primary peristalsis) and balloon distention (sec- 
ondary peristalsis) has previously been reported in 
the normal human (13), At the height of DFP 
effect, a similar zone of elevated resting pressure 
was demonstrated at the gastroesophageal junc- 
tional area. However, neither deglutition nor 
rapid distention of a balloon placed in the upper 
esophagus resulted in a drop of pressure (post- 
DFP, Figure 5). 

Postmortem examination of the two animals 
that died during the course of the study showed 
the esophagus to be dilated but to have no mu- 
cosal changes. The remainder of the gastroin- 
testinal tract appeared normal. The number of 
myenteric ganglion cells of Auerbach’s plexus in 
each of several slides, representing the entire length 
of esophagus in three normal dogs and the two 
DFP dogs, was counted. The normal dogs aver- 
aged 20, the DFP dogs 15 ganglion cells per slide, 
an inconclusive difference. 


DISCUSSION 


A sharp distinction must be drawn between the 
acute pharmacologic effects of DFP and the resid- 
ual effects following prolonged administration of 
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the agent. Acutely, DFP phosphorylates and 
thereby inactivates cholinesterase. The unop- 
posed neurotransmitter acetylcholine thereupon 
produces continued depolarization of the motor end- 
plate with resultant neuromuscular block, a se- 
quence which has been established particularly 
for skeletal muscle (14). This acute effect of 
DFP is usually considered to be completely re- 
versible (14, 15). However, a prolonged and 
perhaps irreversible motor disorder of the esopha- 
gus and hind legs was evident in our dogs long 
after DFP administration was stopped and _ per- 
sisted in the face of normal serum and erythrocyte 
cholinesterase levels, i.e., at a time when tissue 
cholinesterase levels had presumably returned to 
This effect of prolonged cholinesterase 
inhibition has been noted in experimental animals 
(7, 16) and also following long continued ex- 
posure to anticholinesterases in man (17-19). 
It would thus appear that either prolonged excess 
of the neurotransmitter substance induced by the 
anticholinesterase agent or the anticholinesterase 
agent itself may permanently damage some link 
in the chain of neuromuscular events. Whether 
the site of this damage is the same as the site of 
the acute effect is unknown. 

The esophageal disorder produced in dogs fol- 


normal. 


lowing prolonged DFP administration resembles 
cardiospasm in man in several respects. At the 
height of DFP effect, the esophagus is dilated, 
peristalsis is absent, the lower esophageal sphincter 
does not relax in response to either a swallow or 
balloon distention of the upper esophagus, and 
residues of barium suspension remain in the 
esophagus in the face of gravity. Thus the dogs 
exhibit two cardinal features of human cardio- 
spasm: aperistalsis and failure of relaxation 
(“achalasia”) of the gastroesophageal sphincter. 
A crucial difference exists, however, between spon- 
taneous human cardiospasm and the motor abnor- 
malities following prolonged DFP administration. 
In human cardiospasm, exhibition of a small dose 
of methacholine is followed by a strong, non- 
propulsive contraction of the esophagus, but no 
esophageal effects are noted in the dogs exposed 
to DFP. 

One explanation for the lack of response to 
methacholine noted in our dogs might be that 
cardiospasm and prolonged DFP administration 
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affect neuromuscular transmission at different 
sites. If present concepts of the nature of cardio- 
spasm are correct, the basic lesion is a poverty of 
normal ganglion cells of Auerbach’s plexus 
amounting to a “denervation” of the esophagus 
(1, 3, 6). The muscle cells presumably remain 
normally polarized and therefore sensitive to 
depolarizing agents. Since the neuromuscular 
block produced by acute DFP intoxication is as- 
cribed to an excess of acetylcholine, it is not sur- 
prising that the addition of another depolarizing 
agent in the form of methacholine during the pe- 
riod of DFP administration fails to elicit a con- 
traction. Unfortunately, such a tidy neurochemi- 
cal difference cannot be drawn between cardio- 
spasm and the condition seen following prolonged 
DFP administration, but if the block in this con- 
dition is also due to failure of repolarization of 
the motor end-plate, then methacholine would not 
be expected to result in contraction. 

Another factor that might alter the results of 
prolonged DFP administration is the different 
structure of the esophagus in man and dog; al- 
though similarly innervated, the human esophagus 
contains predominantly smooth, the canine esopha- 
gus predominantly skeletal, muscle (20). How 
important this histologic difference might be, how- 
ever, is difficult to assess. Regardless of its mus- 
cular morphology, the canine esophagus possesses 
an innervation typical of intestinal smooth muscle 
with a myenteric plexus extending over its en- 
tire length. Moreover, as judged by balloon ky- 
mograms and measurements of peristaltic and 
lower esophageal sphincter activity, the canine 
esophagus appears to function in a very similar 
fashion to the human esophagus. From a func- 
tional point of view, therefore, the striated canine 
esophagus appears to be more comparable with 
smooth muscle (as in the human esophagus) than 
with skeletal muscle (as in the gastrocnemius). 
One is tempted to use the difference in musculature 
to explain why we observed marked esophageal 
effects following prolonged DFP intoxication with- 
out obvious changes in the remainder of the gas- 
trointestinal tract. However, anticholinesterase 
agents, including DFP, have been shown to affect 
the smooth muscled gastrointestinal tract of ex- 
perimental animals (7, 21) and also man (14, 15, 
22). 


Other attempts to produce experimental cardio- 
spasm in animals have depended upon either a di- 
rect surgical attack on the esophagus or its nerve 
supply (23, 24) or the injection of a sclerosing 
agent into the esophageal wall (25). The sig- 
nificance of such procedures is difficult to assess, 
however, since gross cicatricial or inflammatory 
effects are also necessarily produced. In addition, 
the dynamics of the resultant esophageal disorders 
have not been analyzed in detail nor has the re- 
sponse to methacholine been determined. The 
major implication of our study is that a severe 
esophageal motor dysfunction with two features 
typical of human cardiospasm can be produced ex- 
perimentally by an agent known to affect neuro- 
muscular transmission. Moreover, this motor ab- 
normality can be produced without concomitant 
gross or even microscopic change in esophageal 
structure. It is therefore possible that a condition 
resembling cardiospasm in all respects, or even 
the condition in man itself, may be produced by 
a neurotoxin that affects the proper site in the 
sequence of neuromuscular tansmission. 


SUMMARY 


The prolonged administration of the anticho- 
linesterase agent di-isopropylfluorophosphate to 
dogs resulted in 7) esophageal aperistalsis, and 2) 
failure of relaxation of the lower esophageal 
sphincter in response to swallowing and esophageal 
balloon distention. These effects persisted for 
months after the administration of di-isopropyl- 
fluorophosphate was stopped. While the esopha- 
geal disorder produced resembled human cardio- 
spasm, the characteristic response of the human 
cardiospastic esophagus to methacholine chloride 
was lacking. It is postulated that difference in 
site of neurochemical lesion could account for this 
discrepancy and that neurotoxins acting at some- 
what different sites could reproduce the picture of 
spontaneous human cardiospasm in its entirety. 
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From bovine nasal cartilage a product has been 
isolated which seemed to behave as a compound 
and which contained chondroitin sulfate and pro- 
tein; this product was called chondromucoprotein 
(1). In similar work with human costal cartilage, 
greater difficulty was encountered. Although a 
somewhat analogous product was isolated, its 
characterization as a chemical entity was far less 
satisfactory, since its composition seemed to vary 
rather widely in the proportions of protein and 
polysaccharide present in samples prepared from 
the cartilage of different individuals. Bovine nasal 
chondromucoprotein, during the course of many 
scores of preparations, seemed to be constant in 


composition. Recently it was found that bovine 


nasal chondromucoprotein could be fractionated 
centrifugally to give two distinct products, each 
consisting of both protein and polysaccharide (2). 


These products were called proteinpolysaccharides 
and were distinguished as heavy and light, depend- 
ing upon their sedimentation properties. They 
were referred to as PP-H and PP-L, and were 
found to consist of very different proportions of 
protein and polysaccharide. The present report 
describes the isolation from human costal cartilage 
of a crude product analogous to bovine nasal chon- 
dromucoprotein, describes attempts to arrive at 
products of constant composition by repeated re- 
precipitation, and then describes the ultracentri- 
fugal separation of the crude material into two 
fractions analogous to the PP-H and PP-L of bo- 
vine nasal cartilage but not identical with them. 
Since use of the word mucoprotein is to be dis- 
continued it will be best to discontinue use of the 
word chondromucoprotein also and to refer to the 
product it described as a crude proteinpolysac- 
charide (crude PP). Where it is necessary to 
distinguish between products isolated from bovine 
nasal cartilage and those isolated from human cos- 
* The work reported has had the support of United 


States Public Health Service, Grants A28(C8) and 
A1431(C3). 


tal cartilage, the letters BN or HC will be set be- 
for the product. Then the products separated 
from crude HC-PP by ultracentrifugation can be 
called HC-PP-L and HC-PP-H. 


EXPERIMENTAL METHODS 


Extraction procedure. Human costal cartilage was 
collected about 24 to 48 hours after death and cleaned in 
a cold room to remove all noncartilaginous tissue. It was 
diced into pieces about 6 mm on a side and all grossly 
calcified pieces were discarded. Weighed samples were 
dried by beating about 15 g at a time in a Waring blendor 
with ethanol (250 ml) for 3 minutes in a cold room. 
The finely shredded product was transferred to a centri- 
fuge cup, washed by centrifuging with ethanol and ab- 
solute ether and dried in vacuo. In columns 3, 4 and 5 
of Table I are values for the dry weights as fractions 
of the wet weights, and the nitrogen and hexosamine 
(against glucosamine as standard) contents of the dried 
samples from 19 individuals varying in age from 7 to 
74 years. There are no obvious differences in the dry 
weights or in the nitrogen contents with either sex or 
age. A possible trend in hexosamine content with age 
is suggested, since all values above 7 per cent occur at 
ages less than 34 and all values below 6 per cent oc- 
cur at ages over 56. 

After preliminary experiments had shown that a crude 
HC-PP could be extracted from human rib cartilage, it 
seemed desirable to learn whether it could be extracted 
as readily from alcohol-dried cartilage as from fresh wet 
cartilage, since this knowledge would facilitate further 
comparative studies. Each of the fresh wet cartilage sam- 
ples represented in Table I was divided into two parts; 
one part was worked up directly to extract the crude 
HC-PP from the fresh wet cartilage, the second part 
was first dried as described above and then worked up to 
extract its crude HC-PP. 

All extraction operations were run in a cold room at 
5° C. For each extraction an amount of cartilage was 
used corresponding to 10 to 20 g of dry cartilage. When 
wet cartilage was used, yields were calculated on the 
basis of the dry cartilage weight as given in column 3 
of Table I. Either dried cartilage (4 g) or fresh wet 
cartilage (8 g) was beaten with water (280 ml) in a 
VirTis-45 homogenizer at its top speed for 30 minutes 
in a flask (500 ml) with baffles set in an ice bath. To 
the creamy homogenate was added ethanol (560 ml) and 
the mixture was centrifuged (4,700 rpm) for one-half 
hour. The supernatant solution was filtered through a 
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TABLE I 


Data on human costal cartilage and the crude HC-PP isolated from it * 


Cartilage 


Dry wt 


Wet wt N 


Hexos- 
amine 


Crude HC-PP from fresh 


“Yield 


Crude HC-PP from 
wet cartilage dried cartilage 


Vield 


Hexos- 


amine amine 


0.38 = 6.2 
0.51 
0.37 
0.41 
0.46 
0.36 
0.44 
0.32 
0.43 
0.51 
0.48 
0.44 
0.44 
0.41 
0.45 
0.40 
0.46 
69 0.40 
74, 0.58 


0.43 


6.60 
7.55 
8.67 
6.88 
6.86 
6.90 
6.04 
6.10 
6.75 
6.95 
6.80 
6.01 
5.54 
4.80 
5.45 


— 


Oe 


Average 


Bovine coastal 


cartilage 0.38 


Bovine nasal 
cartilage 


0.24 8.3 


* See first page of text for definitions. 


plug of glass wool. The residue at this stage is called 
R and is referred to later. It may be dried with alcohol 
and ether. The filtered extract was opalescent, and on 
addition of potassium acetate (1 per cent, wt/vol) pro- 
duced a flocculent precipitate, the crude HC-PP. It was 
centrifuged and washed with ethanol and ethyl ether and 
dried in vacuum. Combined yields of the cartilage resi- 
due and crude HC-PP amounted to 90 to 95 per cent of 
the dry weight of the cartilage used. 

In Table I, columns 6 and 9 give the yield of crude 
HC-PP from the fresh wet and from the alcohol-dried 
cartilage, columns 7 and 10 give their nitrogen content, 
and columns 8 and 11 give their hexosamine content 
(against glucosamine as standard). Although there are 
often great differences in the yield of the product from 
the wet and the dry cartilage, these seem to be chance 
fluctuations and the average yields of the product from 
wet and dry cartilage are identical, 21 per cent of the 
dry weight of the cartilage used. This is about two-thirds 
the amount of BN-PP isolated from bovine nasal car- 
tilage by the same procedure. It seems clear that, as 
with bovine nasal cartilage, drying the human costal 
cartilage with ethanol before extraction with water makes 
no difference in the yield of crude HC-PP obtainable. 
Nor does drying seem to affect the average hexosamine 
content of the crude products. Nitrogen values of crude 
products from dried cartilage average slightly higher 
than those from fresh wet cartilage, but this is probably 


% g/g cartilage 
0.15 
0.14 


nN 


% g/g cartilage % 
0.14 
0.25 
0.22 
0.28 
0.25 


OH 
SUH 


90 90 00 90S GO NID 


not significant. The spread of values for both ni- 
trogen and hexosamine content is higher than the spread 
in corresponding values for BN-PP (1). As with the 
hexosamine content of the whole cartilage (column 5 of 
Table I), there seems to be a trend of the hexosamine 
content of the crude HC-PP to decrease with age (col- 
umns 8 and 11). All hexosamine values over 12 per cent 
occur in products from individuals at ages below 34 and 
all hexosamine values below 10 per cent occur in prod- 
ucts from individuals at ages over 56. 

At the bottom of Table | are two rows of figures in- 
cluded for comparative purposes, giving data on bovine 
cartilage (BC), both costal and nasal, and on the crude 
BC-PP and BN-PP isolated from them by the same pro- 
cedure as that described above. It appears that only in 
the youngest age range does the crude HC-PP approach 
in composition that of the crude BC-PP or the crude 
BN-PP. 

Reprecipitation procedure. It seemed possible that the 
fluctuations and the apparent trend in composition with 
age of the crude HC-PP might be associated with pro- 
tein impurities. Attempts were made to purify the crude 
HC-PP by reprecipitation. Each of the samples of 
crude HC-PP was dissolved in water (about 1 g per 100 
ml), any insoluble material was removed by centrifuga- 
tion, and the proteinpolysaccharide in solution was re- 
precipitated by addition of potassium acetate to about 2 
per cent (wt/vol) and of ethanol to 70 per cent (vol/ 
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4.4 
4.1 
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0.24 
0.29 
F i | 0.22 
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0.21 
| 0.17 
| 0.23 
0.26 
0.27 
0.23 
0.13 
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TABLE II 


Data on crude and reprecipitated HC-PP isolated from human costal cartilage of subjects 
in the age ranges shown * 


nitrogen 
HC-PP; ratios, = 
hexosamine 
after successive 
reprecipitations 


Crude HC-PP 


HC-PP once reprecipitated 
Hexos 
amine 


Hexos- 


amine Yield N Once Twice Thrice 


crude 

HC-PP 
0.74 
0.61 
0.36 
0.90 


yrs cartilage 


0.22 
0.22 
0.19 
0.35 


7-31 
34-56 
59-74 

Bovine nasal 


cartilage 


* See first page of text for abbreviations. 


vol). The reprecipitated product washed with 
ethanol and ether, dried, weighed, and analyzed. Table 
II (columns 5, 6 and 7) summarizes the results, which 
are given as average yields and as average nitrogen and 
hexosmaine percentages within each of the age ranges 
indicated in column 1. The reason for this is that in a 
number of cases samples were pooled in order to get 
enough material for the successive reprecipitations. Pool- 
ing was done only with samples within 4 years of each 
other. In columns 2, 3 and 4 are given for comparison 
the average values of yield, and nitrogen and hexosamine 
content of the crude HC-PP, already described in Table I 
and averaged for each of the three age groups indicated 
in column 1, Table IJ. Column 5 gives the average 
yields of the once-reprecipitated HC-PP, and columns 6 
and 7 give its nitrogen and hexosamine contents. It is 
apparent that with advance in age groups there is a 
drop in the yield of HC-PP obtained on reprecipitation 
(column 5), and the nitrogen and hexosamine contents 
of the latter are more nearly uniform in the different 
age groups. Coiumns 8, 9 and 10 show the results of 
further successive reprecipitations. Instead of nitrogen 
and hexosamine contents there are given molar nitrogen 
to hexosamine ratios. These do not change significantly 
with successive reprecipitations after the first. There 
does, however, persist a difference between the younger 
age group (7 to 31 years) and the older age group (34 
to 74 years). The molar nitrogen to hexosamine ratio 
in the reprecipitated HC-PP is 50 per cent higher in the 
product from the older age group than in that from the 
younger age group, and 100 per cent higher than in the 
corresponding BN-PP included at the bottom of Table 
Il for comparison. 

Multiple extraction procedure. By the single extraction 
procedure described above, over 20 per cent of the dry 
weight of the human costal cartilage was extracted and re- 
covered as crude HC-PP. A study was also made to see 
how much more could be obtained by a series of three suc- 


Was 


cessive extractions using the same general extraction pro- 
For each experiment about 18 g of dried cartilage 
The first extraction was made as described 


cedure. 
was used. 


For the second extraction the cartilage residue at 
the stage called R above was used. To the packed residue 
(R) two volumes of water were added and the mixture 
was beaten in the VirTis-45 at top speed for one-half 


above. 


hour. Then ethanol was added to bring its concentra- 
tion to 67 per cent, the mixture was centrifuged at 4,700 
rpm for one-half hour, the supernatant solution was fil- 
tered through a glass wool plug and a second yield of 
crude HC-PP was precipitated from the filtrate by ad- 
dition of potassium acetate. From the packed cartilage 
residue of this second extraction, a third extraction was 
made by the same procedure as for the second. In this 


TABLE III 


Comparison of human costal cartilage and bovine nasal 
cartilage with res pect to the yields of crude PP obtained in 
each of three successive extractions * 


Human costal cartilage 


HC-PP; HC-PP2 HC-PP3; 


Total 

yield 

2/2 dry cartilage 
0.105 
0.112 
0.110 
0.100 
0.101 
0.083 
0.099 
0.087 
0.060 


0.095 


0.371 
0.305 
0.372 
0.395 
0.360 
0.338 
0.438 
0.368 
0.254 


0.355 


0.038 
0.028 
0.041 
0.049 
0.043 
0.046 
0.051 
0.054 
0.032 


0.042 


0.228 
0.165 
0.221 
0.246 
0.216 
0.209 
0.288 
0.227 
0.162 


0.218 
Bovine nasal cartilage 

— - Total 

BN-PPi BN-PP2 BN-PP; yield 


Average 


g/g dry cartilage 
0.075 
0.117 
0.076 
0.092 


0.090 


0.020 
0.025 
0.031 
0.025 


0.025 


0.384 
0.373 
0.423 
0.417 


0.399 


0.289 
0.231 
0.316 
0.300 


Average 0.284 


* See first page of text for abbreviations. 
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way there were obtained three successive yields of crude 
HC-PP. Table III shows these successive yields in a 
number of such trials on samples of cartilage from dif- 
ferent individuals. For comparison there is also in- 
cluded a similar set of yields from bovine nasal cartilage 
using the same procedure. It is interesting to note that 
the spread of values is much higher among the results 
from human cartilage than among those from bovine 
cartilage. 
RESULTS 


Ultracentrifugal fractionation. After finding 
that the crude BN-PP could be separated into two 
fractions by ultracentrifugal means (2), the same 
method was tried with the crude HC-PP.  Es- 
sentially the same procedure was used and need 
not be described in detail here. In Table IV are 
shown the essential procedures together with the 
yields of the products for one particular case. The 
results resembled those found for crude BN-PP 
in that two major fractions could be separated 
which differed in sedimentation characteristics and 
each of which contained both protein and polysac- 
charide. They will therefore be distinguished as 
heavy (PP-H) and light (PP-L) depending upon 
the ease with which each sediments. As in all 
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other work done with human costal cartilage, this 
fractionation was less constant in the proportions 
of PP-H and PP-L obtained with different sam- 
ples of crude HC-PP than were the proportions 
obtained from crude BN-PP. Table V shows the 
yield of a number of such fractionation experi- 
ments, each done with a sample of crude HC-PP 
of a different individual. The crude HC-PP con- 
stituting the first extract from the human costal 
cartilage on fractionation generally yields amounts 
of PP-L larger than the amounts of PP-H. The 
ratio of the average PP-L yield to the average 
PP-H yield is 1.8. This is very different from 
the corresponding ratio found for the fractiona- 
tion of crude bovine nasal chondromucoprotein, 
which is 5.8 (2). Thus the crude PP extracted 
from human costal cartilage differs from that ex- 
tracted from bovine nasal septa in containing a 
smaller proportion of the more readily soluble and 
less readily sedimentable fraction. Another point 
of interest brought out in the data of Table V is 
that on applying the ultracentrifugal fractionation 
procedure to each of the three successive crude 
HC-PP products extracted from human costal 


TABLE IV 


Step material 


. Crude HC-PP 
(3.8 g) + 


0.15 M KCl 
(380 ml) 


15 min; 


. Gel from step 1 
(108 ml) + 


0.15 M KCl 
(250 ml) 


45 min; 


Steps in the ultracentrifugal separation of crude HC-PP into the two fractions PP-L and PP-H * 


Procedure 


Stir with VirTis-45 at 1,000 rpm 108 


Productt 
from 
supernatant 


Residue 


as 
loose gel 


ml 


1.36 PP-L 


Centrifuge at 78,000 G 2 hrs 
Stir with VirTis-45 at 1,000 rpm 


Centrifuge at 500 G 20 min and 
discard residue (0.14 g); 


Centrifuge supernatant solution 


at 78,000 G 20 min 


. Gel from step 2 
(84 ml) + 


0.15 M KCl 
(350 ml) 

. Gel from step 3 
(60 ml) + 


0.15 M KCI 
(400 ml) 


45 min; 


* See first page of text for abbreviations. 


0.80 PP-L 


As step 2 (discard residue from 
centrifuging at 500 G, 0.04 g) 


0.14 PP-L 


Stir with VirTis-45 at 1,000 rpm 


Centrifuge at 500 G 30 min and 
discard slight residue 


0.99 PP-H 


t+ In each case the product was precipitated from the supernatant solution by the addition of ethanol (2 vol), centri- 
fuged, washed with ethanol and ethyl ether, and dried in vacuo. 
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cartilage (as in Table III) there is a progressive 
fall in the ratio of PP-L to PP-H. 

Analytical data for a series of samples of PP-L 
and PP-H prepared from the crude HC-PP from 
individuals mainly in the age range 20 to 38 years 
are given in Table VI. To facilitate comparison 
with previous work done with the analogous prod- 
ucts from bovine nasal cartilage, the hexosamine 
was determined, using galactosamine as a stand- 
ard. The results for PP-L show a reasonable 
constancy in the proportion of protein to polysac- 
charide in products obtained from individuals in 
the age range 25 to 50 as measured by the molar 
ratio of nitrogen to galactosamine, while for the 
few cases in a lower age range the ratio is slightly 
lower. This ratio, represented by Ryjgai is cal- 
culated from the determined percentages of ni- 
trogen and galactosamine by the relation: 


Ryjgat = (%N/14)/( %galactosamine/179) = 
12.8 (%N/%galactosamine ). 


The average value of this ratio for HC-PP-L is 
2.7. Repeated solution of HC-PP-L in 0.1 M KCl, 
centrifugation at 78,000 G for 1 hour and repre- 
cipitation with 2 vol of ethanol yielded products 
with this same composition. In contrast to the 
relative constancy of Ry/gar for HC-PP-L there 
is for HC-PP-H a wider scatter in this ratio, 
which averages around 8.5. Direct determination 


TABLE V 
Yields of PP-L and PP-H from crude HC-PP by the 
fractionation method of Table IV * 


HC-PPs 


HC-PP2 


PPL  PP-H PPL PP-H 


g/g crude HC-PP 


0.228 0.382 
0.200 0.505 


0.491 
0.353 


0.248 
0.437 


0.410 0.465 0.298 0.530 


Average 0.418 0.383 0.242 0.472 


PP-L/PP-H 


* See first page of text for abbreviations. 


1.78 
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TABLE VI 


Nitrogen and galactosamine content of a series of preparations 
of PP-L and PP-H from human costal cartilage of sub- 
jects of various ages 


PP-L 
Galact- 
osamine RN 


Galact- 
osamine RN/gai 


Z 


OU 


a 


oo 


won 


— 


WH nin 


Average 

* All samples indicated by a single age were from one 
individual; samples indicated by an age range were made 
from crude HC-PP pooled from several individuals of ages 
within the indicated range. See first page of text for 
abbreviations. 


of protein by the biuret method gave 21 per cent 
protein in PP-L, and 66 per cent protein in PP-H. 
Both these values are higher than those for the cor- 
responding proteinpolysaccharides of bovine nasal 
cartilage. 

Solutions of HC-PP-L in water are clear 
enough so that optical rotations can be measured. 
Determinations of two separate samples gave 
values for [a|p, 1 per cent in water, — 24.2° and 
— 26.4°. On the other hand, solutions of HC- 
PP-H are extremely opalescent. 


DISCUSSION 


The work presented shows that the methods de- 
veloped for the isolation of the proteinpolysac- 
charides from bovine nasal septa are applicable 
to human costal cartilage and give results roughly 
parallel but differing in detail. A crude HC-PP 
analogous to crude BN-PP (earlier called chon- 
dromucoprotein) can be isolated in somewhat 
lower yields and with a generally higher protein 
content and also a more variable composition with 
regard to the proportion of protein and polysac- 
charide (Table I). The crude HC-PP also dif- 
fers from the crude BN-PP in that after a single 


Age 
19-25 
21 
26-28 
26-28 
28 
28 
28 
28 
29 
31 

31 
36 
50 
Che 
| 
i 

rot 
0-5 0.455 0.241 
19-20 0.500 0.290 
21 0.715 0.341 
29 0.523 0.339 
31 0.560 0.319 
32 0.605 0.270 
32 0.394 0.478 
36 0.611 0.195 
38 0.496 0.286 
40-50 0.430 0.341 
50 0.470 0.175 
72-99 0.620 0.192 
eo 60-92 0.610 0.320 
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reprecipitation its composition is changed, par- 
ticularly with material from persons over 30 years 
old, in the direction of a decreased proportion of 
protein to polysaccharide. On further reprecipita- 
tion there is no significant further change in com- 
position (Table II). The total amount of such 
crude proteinpolysaccharide that can be isolated 
by a series of three successive extractions from a 
sample of human costal cartilage amounts to 35 
per cent of the dry weight of the cartilage, while 
a similar triple extraction of bovine nasal cartilage 
yields a total of 40 per cent of its dry weight 
(Table ITI). 

The method developed for the ultracentrifugal 
fractionation of crude BN-PP is also applicable to 
crude HC-PP. Two clear-cut fractions can be ob- 
tained, an easily sedimentable fraction (HC- 
PP-H) and a less readily sedimentable fraction 
(HC-PP-L). The yields of each of these frac- 
tions varies rather widely with the individual 
from whom the crude chondromucoprotein was 
obtained (Table V). Just as the crude HC-PP 
has a higher protein content than BN-PP, so both 
HC-PP-L and HC-PP-H have higher protein 
contents than their bovine analogs BN-PP-L and 
BN-PP-H (Table VI). 

In the case of bovine nasal cartilage it was 
shown that, on treatment with alkali, both PP-L 
and PP-H yield chondroitin sulfate with the same 
optical rotation, [a|p = — 24°. With the prod- 
ucts from human costal cartilage, greater diffi- 
culty was encountered in this as in all other pro- 
cedures and the results cannot yet be reported. 
Work of Meyer, Hoffman and Linker (3) and 
Kaplan and Meyer (4) indicates that both chon- 
droitin sulfates A and C and keratosulfate are 
found in human costal cartilage. It is now of im- 
portance to find which of these is in the PP-L or 
PP-H and which remains in the cartilage residue, 
for this residue contains about one-half of the 
hexosamine of the original human costal cartilage. 
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The amount of hexosamine left in the bovine nasal 
cartilage residue after extraction of the crude 
BN-PP is only about 20 per cent of that originally 
present. 

With the successive improvements reported in 
the isolation and fractionation of the proteinpoly- 
saccharides of cartilage, it begins to be feasible to 
attack a problem of concern in the rheumatic dis- 
eases : the amount and condition of the proteinpoly- 
saccharides in cartilages, particularly the articular 
cartilage, of rheumatic patients. 


SUMMARY 


Using the extraction procedure developed for 
use with bovine nasal cartilage, a study of human 
costal cartilage has been made. By three succes- 
sive extractions with water, crude proteinpolysac- 
charide can be isolated in amounts of 20 to 35 per 
cent of the dry weight of the cartilage. While 
similar in properties to the crude proteinpolysac- 
charide reported from bovine nasal cartilage, the 
corresponding product from human costal cartilage 
contains more protein and less polysaccharide. 
Ultracentrifugal fractionation at 78,000 x G re- 
sulted in separation of this crude product into a 
rapidly sedimenting fraction and a nonsedimenting 
fraction. Yields and analytical data on these 
products are given. Both fractions contain more 
protein than do the corresponding fractions made 
from bovine nasal ‘cartilage. 


REFERENCES 


. Malawista, I., and Schubert, M. Chondromucopro- 
tein; new extraction method and alkaline degra- 
dation. J. biol. Chem. 1958, 230, 535. 

2. Gerber, B. R., Franklin, E. C., and Schubert, M. 
Ultracentrifugal fractionation of chondromuco- 
protein. J. biol. Chem. In press. 

3. Meyer, K., Hoffman, P., and Linker, A. Mucopolysac- 
charides of costal cartilage. Science 1958, 128, 896. 

. Kaplan, D., and Meyer, K. Ageing of human cartilage. 
Nature (Lond.) 183, 1267. 


tle ‘ 
| 
| 
wi 
| 
| 
| 
| 
| 4 
| ‘ 
| 
| 3 
| 
1 
| 
| 
4 
1 
| 
a 
> 
: 
| 
| 
| 
| 
| 
| 
| 
| 
| 
iy 
| 
| 
| 3 


THE EFFECT OF SODIUM DILANTIN ADMINISTRATION UPON 
THE CHEMISTY OF THE SKIN * 
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The gingival hyperplasia associated with Di- 
lantin therapy has been reviewed by Ziskin, Stowe 
and Zegarelli (1). Although a similar pathologic 
change could be induced in the ferret (2), it has 
been impossible to produce this condition in rats 
(3). However, Shafer, Beatty and Davis (4) 
have demonstrated that Dilantin-treated rats show 
a marked increase in the tensile strength of their 
healing wounds. These workers attributed this 
elevation in the tensile strength of wounds with 
parenteral Dilantin therapy to an increase in col- 
lagen synthesis, the same mechanism underlying 
the gingival hyperplasia occurring in young epi- 
leptics under Dilantin therapy. Forscher and 
Cecil (5) were unable to find any significant dif- 
ferences in the hydroxyproline content of healing 
palate tissue between control and Dilantin-treated 
rats. 

This paper describes the effects of massive daily 
intraperitoneal injections of Dilantin Sodium upon 
the distribution of hydroxypreline, nitrogen and 
hexosamine within the connective tissue (skin) 
of the rat, as determined by using a sequential ex- 
traction technique to effect chemical dissection of 
the tissue. 


MATERIAL AND METHODS 


Thirty male Sprague-Dawley rats (210 to 230 g) were 
subjected to daily intraperitoneal injection of 1 ml of 
isotonic saline containing a suspension of 25 mg per ml of 
Dilantin Sodium. At 2, 5, 7, 11 and 16 days after ini- 
tiation of the experiment, groups of 6 rats each were 
sacrificed by either anesthesia or exsanguination. Six g 
samples of abdominal rat skin were collected from each 
animal, carefully shaven and dissected clean of adhering 
fat, fascia and muscle and minced with scissors. The 
tissues were then stored frozen until the completion of 
the experiment. Samples of each skin (300 mg) were 
then hydrolyzed for 8 hours at 100° C with 10 ml of 4 N 


* Supported in part by Grant-in-Aid A-3899 from the 
National Institute of Arthritis and Metabolic Diseases, 
Bethesda, Md. 

1 Parke, Davis (sodium 5,5-diphenylhydantoinate ). 


HCI per g of skin. The sera were diluted 1:1 with 8 N 
HCI and hydrolyzed in similar fashion. The acid hy- 
drolysate was analyzed for total hexosamine (6), hy- 
droxyproline (7) and nitrogen, as has been described 
previously (8). 

Hydroxyproline, as a signal amino acid of collagen, is 
an excellent indicator of this protein (9). Hexosamine 
may be found in both ground substance mucopolysac- 
charides and serum glycoproteins contaminating the ma- 
trix of the skin (10). Nitrogen is a standard measure 
of total protein. 

Duplicate 5 g samples of rat skin were extracted with 
50 ml of 0.15 M NaCl in the cold (3° C) using a Lourdes 
high-speed tissue blender for 45 minutes. After extrac- 
tion, the mixtures were stored for 18 hours at 4° C. 

After centrifugation at 25,000 x G and 4° C, the clear 
supernatant was removed. The insoluble residue was 
then extracted similarly with 0.5 M NaCl and after 
standing for 18 hours in the cold, the residue after cen- 
trifugation was in turn re-extracted with 100 ml of 0.5 
M citrate buffer (pH 3.6). These conditions for extrac- 
tion are such as to solubilize about 75 to 95 per cent of all 
the material exhaustively extracted by each solvent. 

These fractions were mixed 2:1 with 12 N HCl and 
hydrolyzed as described above for hexosamine, hydroxy- 
proline and nitrogen analysis. 

Since cortisone administration does not increase the 
dermal content of either hexosamine or collagen (11), 
and since we were unable to measure any increase of 
these components in the skin of rats stressed by intra- 
peritoneal injection (unpublished data), untreated ani- 
mals of weights similar to those of the experimental 
animals were used as a control. 

Statistical evaluation of the data presented below in- 
dicated that means which differ by more than 15 per cent 
are significantly different (p=0.05). This level of sig- 
nificance, i.e., differences of more than 15 per cent are 
significant, obtains for all the results described in all of 
the tables. 


EXPERIMENTAL AND RESULTS 

The results of the analysis of rat skin for hy- 

droxyproline, hexosamine and nitrogen after vari- 

ous numbers of daily intraperitoneal injections of 

25 mg of Dilantin Sodium were expressed per 

gram of stored, cleaned and shaven tissue and are 
presented in Table I. 
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THE DERMAL CHEMICAI 


After four doses of Dilantin there is a significant 
increase in dermal hydroxyproline. This increase 
becomes maximal after 11 injections of drug with 
the treated rat skin containing about 150 pmoles 
more of hydroxyproline per g of skin than does 
the untreated animal. Hexosamine increased by 
about 4 pmoles per g during this period, while the 
nitrogen content increased by 6 mmoles per g. 

The chemical analyses described above were 
based upon the weight of cleaned and shaven rat 
skin which had been stored in the frozen state from 
4 to 21 days. During the first four days all tis- 
sues lost about 30 per cent of their weight through 
sublimation of dermal water. With further stor- 
age in the deep freeze less than a few milligrams 
of water were lost per gram per day. For this 
reason the values reported in Table I and below 
must be corrected for the loss of 300 mg of water 
per g if the results are to be expressed per gram of 
fresh cleaned and shaven skin. Because of the 
extraordinary constancy of this 30 per cent loss 
of weight via water sublimation, we prefer to re- 
port most of our data per gram of stored cleaned 
and shaven skin. 

The absolute dermal content of water from nor- 
mal rats and animals subjected to 7 and 11 doses 
of Dilantin was determined by lyophilization. The 
concentration of dermal collagen may be calculated 
from the finding that pure collagen contains about 
13.6 per cent hydroxyproline, or 1 pmole per g 
(12). The amount of noncollagenous protein 
may be calculated from the fact that collagen con- 
tains about 18.5 per cent nitrogen or 13.3 pmoles 


TABLE I 


The analysis of whole rat skin after 
Dilantin administration * 


No., 
daily 
inject. 


Hypro Hex 


pumoles/g pumoles/g 


300 + 27 
330 + 31 


1 
1 447 + 35 


* Mean values of duplicate extracts analyzed in triplicate 
Hypro = hydroxyproline, hex = hexosamine, N = nitro- 
ge 


n. 
¢ All values below the line are significantly increased 
above normal (p < 0.05). 
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TABLE II 


The chemical anatomy of fresh rat skin before and after 
various doses of Dilantin 


After 7 
doses 


After 11 


Component Normal doses 


300 


300 


245 


mg/g 
550 


200 


Water* 
Collagen 


Noncollagenous 
protein 122 


Fatt 


395 
128 60 


* By lyophilization. 
t+ By difference. 


per mg (12) and most other proteins contain 
about 16 per cent or 11.4 wmoles of nitrogen per 
mg. Multiplication of the micromoles of hy- 
droxyproline, or milligrams of collagen, per gram 
of skin times 13.3 results in the micromoles of col- 
lagen nitrogen, and the difference between this 
value and the value for the total dermal nitrogen 
divided by 11.4 results in the milligrams of non- 
collagenous protein. The difference between the 
sum of the weight of water, collagen, and non- 
collagenous proteins, in milligrams per gram of 
tissue, and 1,000 represents the milligrams of fat 
in the skin. The results of these calculations are 
shown in terms of fresh shaven and cleaned skin 
in Table II. Correction of the values per gram of 
stored tissue reported in Table I for water loss 
results in essentially identical results. 

The fat content of normal skin as calculated by 
difference was 128 mg per g. Kao, Schwartz, 
Treadwell and McGavach (13) recently reported 
the fat content of the skin of rats of equivalent 
weight to be about 125 mg of lipid per g of fresh 
skin. 

The effects of Dilantin administration upon the 
hydroxyproline, hexosamine and nitrogen content 
per milliliter of rat sera after various numbers of 
Dilantin injections are shown in Table III. 

These data indicate that there are statistically 
significant decreases in serum hydroxyproline and 
hexosamine and significant increases in serum ni- 
trogen. None of these changes is as marked as 
those found in the skin. 

In an attempt to determine the nature of the 
changes in dermal chemistry with Dilantin ad- 
ministration, the skin samples were extracted se- 
quentially with 0.15 and 0.5 M sodium chloride as 


ud 
18 AG 
dl 
| 
| 
4 
| i 
| 
| 
0 11.0 + 0.8 6.1 + 0.5 
-———+t 
ae 2 14.7+0.9 9.0 + 0.6 : 
| 
4 349430 146 4 1.0 10.7 + 0.6 
7 366 + 28 15.2 41.1 10.5 + 0.7 
15.7 + 1.0 12.4 +4 0.8 
15.1 12.5 40.7 
| 
| 
| 
ae, 


TABLE III 


The analysis of rat serum after Dilantin 
administration * 


No., 
daily 
inject. Hypro Hex N 
umoles/g umoles/g mmoles /g 


0 0.70 + 0.05 3.3 + 0.2 
+ 


0.68 + 0.05 
+ 


0.45 + 0.03 0.80 + 0.06 


2 1.7+0.1 

4 0.33 + 0.02 1.1+0.1 0.81 + 0.06 
7 0.40 + 0.03 13+ 0.1 0.86 + 0.06 
11 0.52 + 0.03 1.220.1 0.88 + 0.06 
16 0.40 + 0.04 1.1+0.1 0.88 + 0.07 


* Mean values of triplicate analyses of sera from six 
animals. 

t All values below the line are significantly different from 
normal (p < 0.05). 


described above. Microscopically, the cellular ma- 
terial was intact only after isotonic saline extrac- 
tion, and the electron microscope indicated that 
_the collagen was morphologically intact after both 
saline extractions. The amount of hydroxypro- 
line, hexosamine and nitrogen extracted per gram 
of skin by these solvents is shown in Table IV. 

The quantity of material soluble in isotonic sa- 
line, although occasionally differing significantly 
from the untreated normal, did not show any real 
pattern of response to Dilantin administration. 
The amount of hydroxyproline soluble in 0.5 M 
saline decreased significantly from normal with 
the second dose of Dilantin, while the hexosamine 
soluble in this fraction increased significantly with 
drug administration. The decreases in 0.5 M sa- 
line-soluble nitrogen with Dilantin were only oc- 
casionally statistically significant. 

More meaningful changes in the quantity of 
material extractable from the skin of Dilantin- 


TABLE IV 


Analysis of the saline-soluble component of rat skin after 


Extracts 
No., 0.15 M NaCl 0.50 M NaCl 
daily 
inject. Hypro Hex N Hypro Hex N 
0 7.7 fl 1.30 29 2.4 1.20 
2 5.7 1.39 0.95* 
8.9* 6.5* 1.33 3.4° 1.10 
7 6.1 6.3* 1.43 23* 2.9* 1.10 
11 9.0* A* 1.17 20* = ag 0.93* 
16 6.5 5.9* 3.4* 0.95* 


* Significantly different from normal (p < 0,05). 
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treated rats were found in the analysis of the citrate 
buffer extracts shown in Table V. 

There was an immediate increase of 18 pmoles 
per g of hydroxyproline with Dilantin administra- 
tion. The increase of 150 per cent with respect 
to hydroxyproline was paralleled by a 100 per cent 
increase in soluble nitrogen. Hexosamine was in- 
creased maximally (700 per cent) after four doses 
of Dilantin, suggesting that the syntheses of hex- 
osamine and collagen are independent. 

There was a slight increase in the ratio of hy- 
droxyproline to nitrogen in this extract which may 
indicate a greater purity of the acid-soluble col- 
lagen produced in response to Dilantin administra- 
tion. 

By summation of all three soluble fractions, tie 
total soluble material of the skin may be calculated. 
Subtraction of this value from the total skin con- 
tent, described in Table I, permits the calculation 
of the insoluble dermal components, as shown in 
Table VI. 

Initially, there was an increase in soluble dermal 
hydroxyproline, or collagen, with Dilantin ad- 
ministration. The amount of soluble nitrogen was 
significantly increased under these conditions. 
The soluble hexosamine increased about 30 per 
cent with Dilantin. The ratio of soluble hydroxy- 
proline and hexosamine to nitrogen remained es- 
sentially constant following the daily administra- 
tion of this drug. These ratios did not differ from 
those obtained from normal untreated rat skin. 

The insoluble hydroxyproline increased sig- 
nificantly above normal after the fourth dosage of 
Dilantin. After the eleventh dose of the drug, 
there was a 60 per cent increase in insoluble hy- 


TABLE V 


Analysis of the citrate-soluble components of rat skin after 


daily 


inject. Hypro Hex N 
g g mmoles /g 
0 12.0 + 0.8 0.10 + 0.1 0.60 + 0.05 
2 30.7 + 2.0 0.45 + 0.3 1.27 + 0.10 
4 30.1 + 2.0 0.70 + 0.7 1.30 + 0.10 
7 30.0 + 2.0 0.70 + 0.6 1.28 + 0.10 
11 28.5 + 2.0 0.65 + 0.5 1.14 + 0.13 
16 30.0 + 2.0 0.76 + 0.5 1.28 + 0.10 


* All means below the line are significantly elevated 
above normal (p < 0.05). 
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THE DERMAL CHEMICAL RESPONSE TO DILANTIN 


TABLE VI 


The total soluble and insoluble component of rat skin 
Dilantin administration 


after 


Total soluble Insoluble 


inject. Hypro Hex N 


Hypro Hex 


3.1 251 
3.6 267 

3.2 

3.1 


7.6 

10.6* 

9.8* 
16:5" 


0 48.7 
2 62.6* 
4 56.0 
7 
11 
16 50.0 


* Significantly elevated above normal (p < 0.05). 


307* 
410* 
397* 


droxyproline. This profound increment in col- 
lagen was not paralleled with a similar increase in 
insoluble hexosamine; this material increased 
maximally (50 per cent) after only two injections 
of Dilantin. The concentration of insoluble ni- 
trogen doubled after the fourth Dilantin injection, 
and tripled after the eleventh injection. The in- 
crease in the total dermal nitrogen of 6 mmoles 
per g of skin with Dilantin, as shown in ‘Lable I, 
seemed to be associated almost entirely with the 
insoluble components of the skin. Similarly, most 
of the increase of 150 pmoles of hydroxyproline 
per g of tissue was also found in the insoluble 
fraction. The ratio of hydroxyproline to nitrogen 
of very pure tendon collagen and soluble collagen 
is about 84 (ymoles per mmole), while a similar 
ratio of the insoluble residue from normal skin 
was about 83. With Dilantin administration, the 
ratio of hydroxyproline to nitrogen decreased to 
about 42, evidence of a disproportionate increase in 
insoluble noncollagenous protein. 


DISCUSSION 


From the data reported above, it may be con- 
cluded that Dilantin produces four major altera- 
tions in dermal chemistry: 7) a marked decrease 
in tissue water from 55 to 30 per cent and in der- 
mal fat from 12.5 to 0.2 per cent; 2) a marked in- 
crease in collagen (50 per cent) ; 3) a marked in- 
crease in hexosamine (37 per cent) ; 4) a marked 
increase in a noncollagenous protein. 

That these changes are not due to contamina- 
tion of the tissues with blood elements is indi- 
cated by the minor changes in the hexosamine, hy- 
droxyproline and nitrogen content of the sera 
of these animals. The profound increase of these 
components in the skin is associated with a quan- 


_considerably. 
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titatively minor decrease of hydroxyproline and 
hexosamine in the sera. 

The isotonic saline-soluble components of the 
skin, mostly mucopolysaccharides, serum proteins, 
glycoproteins and so forth, are not meaningfully 
altered with Dilantin administration. The most 
important change in the 0.5 M saline-soluble ma- 
terials is a significant decrease in the hydroxypro- 
line content of this fraction, which is believed to 
extract the precursor of collagen (14) as well as 
glycoproteins and other proteins which are strongly 
bound to the insoluble components of the skin. 

Citrate buffer (pH 3.6) soluble material, an ex- 
tractant which removes reticulin and/or “pro- 
collagen” (14), shows a marked increase (150 
per cent) in soluble collagen with Dilantin ad- 
ministration. The parallel increase in acid-soluble 
nitrogen (100 per cent) associated with this hy- 
droxyproline increment serves to maintain a con- 
stant ratio of hydroxyproline to nitrogen (micro- 
moles per millimoles) of 24. The constancy of 
this ratio indicates that the increases in acid-soluble 
nitrogen are approximately proportional to the 
increases in acid-soluble collagen with Dilantin 
administration. 

The essential independence of the collagen and 
hexosamine synthesizing processes is suggested by 
the fact that the increase in acid-soluble hexosa- 
mine does not parallel the increments in nitrogen 
or hydroxyproline with respect to time. This 
hexosamine-containing moiety produced in re- 
sponse to Dilantin is not a glycoprotein, since the 
contribution of nitrogen from this compound would 
have altered the hydroxyproline-nitrogen ratios 
It cannot be a free mucopolysac- 
charide, since it is not soluble in either saline ex- 
tract. This material is most probably a mucopoly* 
saccharide, tightly bound to the acid-soluble pro- 
teins by bonds of higher energy than those that 
can be destroyed by high ionic strength solvents. 

The calculation of the concentration of insoluble 
material in the skin of rats treated with Dilantin 
indicates that there is a profound increase in insol- 
uble collagen (58 per cent), insoluble hexosamine 
and nitrogen. Most of the 150 mg increase in 
dermal collagen with Dilantin administration de- 
scribed in Table I was found in the insoluble resi- 
due. Similarly, most of the 6 mmole increase in 
dermal nitrogen with drug dosage is insoluble. 
The increase in dermal hexosamine (4 pmoles) is 


| 
| No. 
daily 
N 
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F 3.4 3.0 
5.4* 
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evenly divided between the total soluble and in- 
soluble fractions. This latter component in the in- 
soluble fraction is maximally elevated after two 
doses of Dilantin, while the hydroxyproline and 
nitrogen require about 11 doses of the drug to ef- 
fect maximal increment. 

The nature of this insoluble hexosamine-contain- 
ing component may well be a mucopolysaccharide 
strongly bound to either the insoluble collagen or 
the other insoluble proteins described below, and 
as such might bear a relationship to the mucopoly- 
saccharide soluble only in citrate buffer. 

The ratio of hydroxyproline to nitrogen (micro- 
moles per millimoles) of the insoluble residue 
from the untreated animals was similar to that of 
pure collagen (i.e., 83). With Dilantin adminis- 
tration, this ratio decreased to about 45, indicating 
that the increase in insoluble nitrogen was far 
greater than the increase in insoluble dermal col- 
lagen. One of the major alterations in the chem- 
istry of the skin in response to Dilantin is therefore 
the appearance of a unique insoluble noncollage- 
nous protein. That this material is probably 
not a glycoprotein is indicated by the varia- 
tion of the hexosamine to nitrogen ratios with in- 
creasing Dilantin dosage as calculated from Table 
VI. 

SUMMARY 

Dilantin administration results in the following 
changes in the chemistry of rat skin: 

1. A marked decrease in dermal water and fat. 

2. A marked increase in acid-soluble collagen 
and acid-soluble mucopolysaccharide. 

3. A marked increase in insoluble collagen and 
hexosamine. 

4. The appearance of a unique insoluble non- 
collagenous protein. 
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on the pathogenesis 
of pyelonephritis: 


“An inflammatory reaction here [renal papillae] 
may produce sudden rapid impairment of renal 
function. One duct of Bellini probably drains 
more than 5000 nephrons. It is easy to see why a 
small abscess or edema in this area may occlude 
a portion of the papilla or the collecting ducts 
and may produce a functional impairment far in 
excess of that encountered in much larger lesions 


in the cortex.”! 

The “exquisite sensitivity”? of the medulla to 
infection (as compared with the cortex), high- 
lights the importance of obstruction to the 
urine flow in the pathogenesis of pyelonephritis. 
“There is good cause to support the belief that 
many, perhaps most, cases of human pyelone- 
phritis are the result of infection which reaches 
the kidney from the lower urinary tract.’ 


to eradicate the pathogens no matter the pathway 
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of the respiratory air current under 
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The principle of the Pneumotachograph rests 
on Poiseuille’s Law which states that, under 
capillary conditions, in a straight rigid 

tube, delivery is proportional to pressure 
loss per unit of length. The continuous 
measurement of the pressure loss, that is 
the measurement of the pressure difference 
between two points on the tube, gives a 
differential curve whose ordinates 

represent the velocity of the air current. 


Write for additional information 


INSTRUMENTATION ASSOCIATES INC. 


THE PNEUMOTACHOGRAPH 


Distributors of Laboratory and Scientific Specialties 


17 West 60th Street New York 23, N. Y. 


When too many tasks 
seem to crowd 

the unyielding hours, 

a welcome 

“pause that refreshes” 
with ice-cold Coca-Cola 


often puts things 
into manageable order. 


REG US PAT. OFF. 


= 
: 
~ 
: 
$1 
00. 
= 
co 


IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN NOVEMBER — (1910) — there is reported’ a study of the influence of 
alcohol upon nitrogen metabolism in dogs and man. Moderate doses of alcohol 
are found to exert a protein-sparing action; with larger quantities there is some 
nitrogen loss. Perhaps the most significant impression is the absence of any 
profound disturbance in protein metabolism, even when comparatively large 
doses are continued for days and weeks. 


Today, we know that alcohol reduces the entry of amino acids into the Krebs 
cycle. If you wish to study objectively the nutritional relationship between 
alcohol and amino acids, Schwarz BioResearch can supply you with the amino 
acids at low cost. (Since repeal of prohibition, there is no problem in obtaining 
alcohol for pleasurable and nutritional purposes.) We cre also ready to fill your 
research, instructional, and analytical needs with these optically standardized. 


highly purified amino acids — plain or labeled with N'’, S**, C'* and O'8. 


IN NOVEMBER — (1939) — a letter from the Coris* discusses certain apparent 
differences between liver, brain, and muscle phosphorylase. The liver enzyme 
converts glucose-1-phosphate to glycogen more rapidly than do preparations 
from other tissues. This is attributable to contamination of liver phosphorylase 
by glycogen, rather than to an intrinsic difference in the enzyme itself. This 
established the role of glycogen as a primer in glycogenesis. 


While the glycolytic enzymes are still difficult to obtain in a pure crystalline 
state, many of their substrates are readily available from Schwarz BioResearch. 
We supply a large number of sugars and sugar phosphates, plain or labeled 
with 


IN NOVEMBER — (1952) --a report from Scandinavia discusses the deter- 
mination of the nucleic acid content of human placenta. There is good agreement 
between results obtained by Hammarsten’s method and by application of cys- 
teine reactions to the hot T.C.A. extract. Schmidt .and Thannhauser values 
showed considerable divergencies. P.N.A. content decreases sharply with the 
aging of the placenta, while D.N.A. increases slightly. Thus, there is marked 
decrease in the P.N.A./D.N.A. ratio during pregnancy.* 


Placentation is only one type of tissue development where nucleic acids play a 
major role. Schwarz BioResearch is the leading supplier of all types of nucleic 
acid compounds: DNA, RNA, nucleate salts, nucleotides, nucleosides, purines 
and pyrimidines, 2 deoxy-p-ribose, b-ribose, and ribose 5-phosphate. Many 
of these have been radiolabeled. Write for our most recent catalog and price list. 
You are invited to visit us at Booth 96 at next month’s AAAS meeting. 

1. Mendel, L. B., and Hilditch, W. W.: The influence of aleohol upon nitrogenous metabolism in men and animals. 
Am. J. Physiol. 27:1 (Nov.) 1910. 2. Cori, G. T., and Cori, C. F.: Letters to the Editor: The activating effect of 


glycogen on the enzymatic synthesis of glycogen from glucose-l-phosphate. J. Biol. Chem. 131 :397 (Nov.) 1959. 
3. Brody, S.: Quantitative studies on the nucleic acids in human placenta. Acta Chem. Scandinay. 7 :507,1953. 
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The NMC Internal Flow 
Proportional Counting System 
(PC-3A) 


TYPES OF ACTIVITY 100% resolution of alphas in the presence 
of high level beta activity. Betas accurately counted in the 
presence of alphas. No window absorption. Sample is analyzed 
directly inside detecting chamber. Mylar window detecting 

@ chamber optional at extra cost. 
YIELD Full 2 pi geometry. Highest yield possible in flat sample 
counting alphas 51%, betas 55% to 75%, gammas 1%. APPLICATION The only system that effectively analyzes the 
PRECISION Detects every alpha and beta which escapes from _radio-activity of compounds with such widely differing isotopes 
the sample surface through a 2 pi angle. as H-3, C-14, P-32, $-35, K-40, Ca-45, Fe-59, Ni-63, Zn-65, Au-198, 
BACKGROUND Alphas less than 0.1 counts per minute. Beta-  Fe-55, Po-210, Th, U and Pu-239. 
gamma 12 counts per minute with type-C chamber for 1” OPERATION Due to the high yield, counting time may be re- 
diameter sample. Other size chambers available. duced 80% to 95%. 
DECONTAMINATION All chambers can be decontaminated in less | VERSATILITY Convenience outlets and selector switch for oper- 
than 10 minutes. ating any standard detector — well counter, GM detector, etc. 


Convert Your Present Scaler to a 


Proportional Counting System 


with any one of these NMC Proportional Counter Converters 


They connect to the GM input of any scaler with a variable high voltage 
supply... to provide the same results as with the PC-3A shown above. 


‘ 


PCC-10A All-purpose counting chamber PCC-1IA Chamber totally enclosed by PCC-12A Large chamber accepts 
accepts disc samples up to 2%4” dia. heavy lead shield to reduce beta-gamma samples up to 742” diameter x 1” thick. 
x Kg”. Chambers available for lower background counting. Other features are Ideal for bulky samples or large-area 
background counting. 742” x 10%” the same as for PCC-10A. 92” x 942” x filter paper samples. 10” x 11” x 19” 
x 17” deep. 144)” deep. deep. 
Mylar window detecting chamber optional on all models. 
WRITE FOR FREE LITERATURE, OR PHONE COLLECT — Liberty 6-2415 


Nuclear Measurements Corp. 
5967 EAST 25TH ST. + INDIANAPOLIS 18, IND. 
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COULTER COUNTER. 


installations! 


Non-optic automatic cell 
counting and cell size analyz- 
ing provides unprecedented ac- 
curacy, speed for counting and 
sizing red cells, white cells, 
tissue cultures, bacteria 


The Coulter Counter’s operational 
abilities include: 


Coulter Electronics (7) 

2525 N. Sheffield, Chicago 14, Iinois 

DO Please send complete details describing the Coulter 
Counter. 

D Please get in touch with me in reference to a demon- 


@ Sample capacity exceeds 60 counts per hour on a production 


basis. 


Thoroughly field tested in leading institutions for routine 
laboratory tests and research 


As little as .02 ml. blood samples for both red and white count. 
Sensitivity extends to particles smaller than 1 micron, 
Counts in excess of 6,000 individual cells per second! 


Each count equivalent in number of cells counted to average 
of 100 chamber counts . . . reduces sampling error by factor 
of approximately 10. 

Unit? takes its own precisely metered sample from sample 
beaker to eliminate counting chamber errors. 


Oscilloscope display provides immediate information on rela- 
tive cell size and relative cell size distribution. 


Threshold level control provides means of rapidly obtaining 
complete cell size distribution data. 


Oscilloscope display provides check of circuit performance . 
mechanical design is simple—result: highest reliability! 


‘ 


stration in my office or laboratory. 
Name. 


Association 
(hospital, school, ete.) 


Address 


City. ....Zone State. 


Send in this coupon today! 


COULTER ELECTRONICS 


2525 N. Sheffield 
Chicago 14, Illinois 
Call Collect: EAstgate 7-8025 
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